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PREFACE TO THE SECOND EDITION 


Tire important arlditions to knoviledge which have been made in 
many fields of nenrolog 5 ’ since the first edition of this book was 
publishoil have necessitated an extensive revision. Its general plan, 
however, remains the same. The enormous development of medical 
psychology makes it impossible to consider in detail the aetiology 
and treatment of the neuroses in a text-book of neurology. In 
dealing w ith the neuroses, therefore, I have considered them mainly 
in relation to neurological diagnosis. I have added a new chapter 
on ‘The Psychological Manifestations of Organic Nervous Disease’. 
Although the treatment of this important subject is necessarily 
condensed I liope that this cliapter %vill prove useful to students, 
since the subject is usually omltte<I from neurological text-books and 
receives only indirect consideration in text-books of psychiatry. 
Diseases attributed to neurotropic viruses arc now grouped together, 
as also are those which have come to be known as the clemyelinnting 
diseases 

Recent advances which receive discussion include electro- 


encephalography, the role of vitamin deficiency in nervous disease, 
newly discoverc<l ncurotropic viruses, and the progress which hoa 
been made in our knowledge of the chemistry of muscle and of 
humoral factors in the transmission of nerve impulses at the myo- 
neural junction I have also adilwl sections on a number of new 
topics in ordet tljr^ke the book more complete. To make room 
for new' material witnout unduly enlarging the book I have omitted 
sections dealing with endocrine and trophic disorders which are 
not stnctly iMu^logical— 

A number of new illuStjwtions Iiavo been included. Pathological 
illustrations of the commoner nervous diseases liave kindly been 
providetl by Dr. Dorothy S. Russell and most of the X-ray illustra- 
tions by Dr Montagu Jupc. To them and to the many friendly critics, 
both at home and abroad, who have oiFered helpful suggestions, 1 
am most grateful. 


March, 1940 


W. RUSSELL BRAIN 



TREFACE TO THE FIRST EDITION 

The last t\\cnty years havo witnesswl a remarkable development 
in neurology. Investigation of the effects of war injuries of the 
spinal cord has greatly increased our knowledge of reflex action 
in man. Tlie njipearanco of encephalitis lethnrgica and the multi- 
plication of forms of acute dissemindtetl encephalitis have added 
a new field to clinical neurology and hrouglit it into relationsliip 
with the new branch of hacletiology winch studies the filterable 
viru-'Cs. The discovery of imitortant metabolic centres in the hypo- 
thalamus has enhanced tho imjiortanco of neurology to general 
medicine. Advances in the technique of neurological surgery have 
aroused fresh interest ii» tho symptoms an<l in the pathology of 
intracranial tumours. Other developments, scarcely less important, 
havo occurred. 

Much of this new knowledge is physiological, and in one respect 
I havo departed from tlio traditional arrangement of a text-book 
of nervous diseases. Neurology is more rlependcnt than many other 
branches of medicine vijvoa anatonry and physiology. These subjects, 
tho essential basis of neurological diagnosis, arc usually dismissed 
in a few introductory pages, with the result that much clinical 
neurology is apt to be both unintclUglblo and uninteresting to the 
student. In tho first part of this l>ook, as an introduction to the 
subject, I have discussetl — at greater length than usual — the applica- 
tion of anatomj' and physiology to tlic interpretation of the physical 
signs of nervous disease. Elsewhere will bo found sections dealing 
with anatomy and physiologj' ns introductions to clinical sections. 
In planning the clinical sections 1 liavo used what seemed tho most 
practical, if not always the most logical, arrangement, for there is 
no entirely satisfactory way of arranging subjects, many of which 
might be placed in more than one group. 

Limitations of space restrict the number of references which it is 
possible to quote. I have, therefore, chosen only those of special 
interest and those which form the best introduction to a subject, 
or are tliemselves useful sources of references. To the many other 
wTiterS upon whose workl have freely drawn I express my indebted- 
ness. I am indebted also to a number of my colleagues for the loan 
of illustrations. 

Finally, I welcome this opportunity of expressing my gratitude 
to mv colleagues at tho London Hospital for their teaching, 



rill 1'1U:FACE to the fihst edition 

tncournguniont, aii'i lit4{i, e5i>pcially to l>r. Charles Miller, l’rofp«M)r 
Artiiur KI!h, and Dr. Geoi^ I’Kldoch, under whcini I had theprivi* 
li“'e of working oti tbc Medical Unit, and to Mr.''Hugh Cairns, Dr. 
Dorothj l’u«scU, and Dr. S. Iliillips Bcdson. 

W. KUSSELL DIIALV 

LOM>ON 

June , 1033 
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CHAPTER I 

' DISORDERS OF FUNCTION IN THE LIGHT OF 
ANATOMY AND PHYSIOLOGY 
1. THE PYRAMIDAL TRACT 
Anatomy 

(1) The Precentral Convolution. 

The pyramidal tract is the means by wluch the nervous impulses 
which excite voluntary movements pass from the cerebral cortex to 
the lower motor neurones which arise in the brain-stem and spinal 
cord. The pyramidal fibres or upper motor neurones are the axones 
of the large pyramidal or Betz cells of the precentral convolution. 
Electrical excitation, of these cells causes movements of the opposite 
side of the body. The movements thus excited are not simply con- 
tractions of isolated muscles, but alwaj's involve groups of muscles 
contracting harmomously, so that an orderly movement results. 
The upper motor neurones therefore are organized in terms of move- 
ments, in contrast to the lower motor neurones, which are distributed 
to groups of muscle-fibres in individual muscles. 

Sinco the electrical excitation of diETercnt parts of the precentral 
convolution evokes movements of different parts of the opposite 
side of tlie body, we are justified in speaking of the representation of 
parts of the body in this part of the bram. According to Foerster's 
observations the order in wluch the parts of the body are thus 
represented is as follows (Fig. 1): 

At the lowest point of the precentral convolution the centres for 
movements of the larynx and pharynx are situated. Unilateral 
stimulation of the cortex causes bilateral contraction of the pharjiii 
and adduction of both vocal cords. Next above lie the centres for 
the palate, mandible, and tongue in that order. Palatal movements 
are bilateral; the mandible and tongue are deviated to the opposite 
side. Above the tongue centre comp the centres for the lower and 
upper face. Movements of the lower face excited from the cortex 
aro unilateral, those of the upper face bilateral. Movements of the 
neck muscles arc elicited from the region next above, the ipsilateral 
sternosnastoid contracting to produce rotation of the head to the 
opposite side. Above this are the foci for the thumb and fingers, 
that for the thumb being the lowest and that for the little finger the 
highest. Above these aro the centres for the %vrist, forearm, arm, 
and shoulder, and the upper and lower regions of the trunk. A centre 
for the diaphragm Ues in front of that for the upper part of the trunk. 
Stimulation of the trunk centres readily induces bilateral movements. 
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fingrrs i'l Jess jn^jrked TJjo Joirer limb is o-Tfcjided, iiiJJi 
flexion ami often slight invereion of the foot. The extensor attitmlo 
of the lower limb mainfainetl by hypertonia of the extensor mnscle.s 
may be reganled biologicnll^' as the posture of reflex staiuling, a 
condition akin to the extensor rigidity of the dceerebrato animal 
3. J^eJIfures. Alter a lesion of the pjTnmidal tract tiio tendon 
reflexes on the paralyscf! side become exaggerated when bhoek has 
passed off, and clonus may l>e present in tho flexors of the fingers, the 
quadriceps fomoris, and the calf muscles. Tlie abdominal and cre- 
niasterierelloxesare diminishtslor lost and the plantar reflex becomes 
extensor. These reflex changes arc more fitih' dc.scrihcxl on p 37. 
Wasting docs not occur in the muscles ns a result of a lesion of the 
pyramidal tract 

Tnn Localixxtkis* or Lbsio.ks ok tub I’vr-vmidai. Tract 
The charactoristiis of hciniplegu resulting from a lesion of tho 
pyramidal fibres in the internal capsule hnxe been described. The 
folloumg are tho distuietivo symptoms of lesions of tho pyramidal 
tract eUenhero in its course 

(1) Cortical Lesions. 

The rhief chara<teristie of cortical pjTainldal le-sions arises out of 
the mdo surfaee-di«trilmtion of the tract m tfiis region. As a result 
of this a lesion of mCKlerate size involves only a part of the fibres. 
In contrast to the conditions obtaining in the internal capsule, 
uliorc the fibres are ao crowded that oven a small lesion usually pro- 
duces a complete hemiplegia, cortieni pjTamidal lesions usually 
produce a monoplegia, that is, jumlj-sis of the face or of one limb 
onl) , without, or with only alight, implication of adjoining cortical 
areas. 

Jneksonian Convulsions. Since the precentral cortex contains the 
bodies of tho jiyraniidal cells, n cortical lesion in this region may lead 
to excitation of tlie pyramidal fibres, which expresses itself as a 
convulsion Tins ja of the wrlJ-reccgnizcd ty'iic ilcberibed by Hugh- 
lings Jackson and hence laiown as Jack-sonian Such a convulsion 
begins ns a rule with clonic movements, rarely with tonic spasm, of 
a small part of tho opposite wdc of the liody corresponding to tho 
region of the cortex excited, and gradually spreads to adjacent parts, 
the extension following tlieir anatomical representation in the pre- 
ccntnil gyms, tJiose p.irts being involved next after tJie onset which 
are represented in the cortex immediately adjacent to the original 
site of excitation Jacksonian convulsions are more fully described 
j on p. 247. 
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or playing the piano, may be more evi«Jpnt than actual weakness. 
Jloreorerr after a pyramidal lesion movementa are rot confined 
to the appropriate parts, bnt the limbs tcnil to move a'l ft nholc. 
Finally, probably ovring to the distribution of the muscnlar liyiier- 
toma, movements of flexion tend to be stronger Ilian those of ex* 
tension in the upper limb, rebde the reverse is the case in the lover 
limb. 

6. Beapiratory ilot-emenls As Hugblings Jackson first demon- 
strated, during quiet breathing the amplitude of the thoracic expan- 
sion tends to be greater on the paralysed than on the normal side, 
but during vigorous voluntary breatiwng the opposite occurs. 

7. Gail. The hemiplegic patient m rrattang circumducts hU para- 
lysed leg, svingmg it outwards at the hip to ohviatc the tlinicnUy 
anaing from inabihty to flex it at the knee. The foot is plantar 
flexed, hence the toe temb to drag and the sole of Jiis shoe thu-s 
becomes worn at the toe. 

PM«/ii'« Symptoms. 

1. iluicvlar Hijpirlanta Immediately following a capsular 
haemorrhage the paralysed limbs are completely li.seci(l owing to the 
occurrence of neural shock. After a variable interral, usually two 
or three weeks, tone gradoaUy rcturo-s to the affected mtiscles ami 
they ultimately become hypertonic or ‘spastic’. Tliis is n state of 
contmuotu contraction which manifests itself to the eye in tlwir 
mcreased salience, and to tbe touch in an added tension of the 
muscles on palpation and In the increased resistance which they offer 
to passive movements at the joints Xot all imiscle-gronps^exhibit 
hypertonia in eqnal degree in hemiplegia. In the upper limb tlic 
addnetoca and internal rotators of the shoulder, flexors of the cU>o%7, 
wnst and fingers, and the pronators of the forearm aro usually more 
spastic than their antagonists Very rarely the increase of tone is 
more marked in the extensors of the elbow than in the flexors. In 
the lower limb the hypertonia predominates in the adductors of the 
hip, the extensors of the hip and knee, and in the plantar flexors of 
the foot and toes. In time contractures tenil to develop in the 
spastic moscles. 

2. Posture Tbehcmiplegicpo^tureis the outcome of the selective 
distribution of byperttmia in the limb muscles, the more .spastic 
muscles determining the position of the limb segments. Henco ve 
find the upper limb usually adducted and internally rotated at the 
shoulder, flexed to a right an^e at the elbow, somewhat pronatwl, 
and flexed at the vTist and fingers In the exceptional coses in vhich 
hypertonia predominates in the extensors of the upper limb its atti- 
tude 13 one of extension at the elbow, and flexion of the wrist and 
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fingers is less marked. The lower limb is exlended, >\ith plantar 
flexion and often slight inversion of the foot. The extensor attitude 
of the lower limb maintained by hyiicrtonia of the extensor muscles 
may Ijo regartled biologically ns the posture of reflex standing, a 
condition akin to tlie extensor rigidity of the decerebrate animal. 

3. Jiejlcxcs, After n le*>ion of the pyramidal tract the tendon 
rt'flexes on the paralysc<l sido become exaggerated when shock has 
passwl off, and clonus may bepre.sent in the flexors of the fingers, the 
qimdricej)s femoris, and the calf muscles. The alKlominal and cre- 
masteric reflexes arc dimiuisheii or lost and the plantar reflex becomes 
extensor. The«c reflex changes arc more fully described on p 37. 
Wasting does not occur in the muscles as a result of a lesion of the 
pyramidal tract. 

Thr Locat. 17 atio.v or Lesions of the l*yRA.MiD\n Tincr 

The characteristics of hemiplegia rt*sultjiig from a lesion of the 
jiyramidal fibres in the internal capsule have been described, TJie 
following are the distinctive symptoms of lesions of the pyramidal 
tract elsewhere in its course 

(1) Cortical I.rCSlons. 

The chief characteristic of cortical pyramidal lesions arises out of 
the wide «iirface-distribution of the tract in this region. As a result 
of this a lesion of moderate size involves only a jiart of the fibres. 
In contrast to the conditions obtaining in the internal capsule, 
where tlie fibres arc so crowdetl that even a small lesion usually pro- 
duces a complete hemiplegia, cortiqal pyramidal lesions usually 
produce a monoplegia, that is, lutmljuis of the face or of One limb 
onlj-, without, or svitli only alight, implication of adjoining cortical 
areas. 

Jacksonian Coninilsiom. Since tJic precentral cortex contains the 
bodies of the pyramidal cells, a cortical lesion in this region may lead 
to excitation of the p^Taraidal fibres, which expresses itself as a 
com'ulsion This is of the well-rccogiiized tyjic described by Ilugh- 
lings Jackson and hence “known as Jacksonian, Such a coii\'ulsion 
licgins as a rule with clonic movements, rarely with tonic spasm, of 
a small part of the opposite side of the body corresponding to the 
region of the cortex excited, and gradually spreads to adjacent parts, 
the extension following their anatomical representation in tho pre- 
central gyrus, those parts being involved next after the onset which 
are represented in the cortex immediately adjacent to the original 
site of excitation ilacksonian convulsions are more fully described 
on p. 247. 



10 


DISORDEHS OF FDXCTIOX 


(2) Subcortical Lesions. 

In the (?orona radiata the pjTamidal fibres arc converging to\mnls 
the internal capsule and arc closer together than in the corter. 
Subcortical lesions tend therefore to involve more fibres than cortical 
lesions of equal size, and it is usual to find that, though the wcakncsi 
predominates m one limb, the whole of the oppo-^ite side of the bcxly 
IS to some extent affected. Adjacent thalamo-cortical sensorj' fibres 
may also be involved, causing impairment of postum! 8en.“ibi!ity and 
tactile discrimination and localization In the afTccte*! limbs. Thimagc 
to the optic radiation causes crossed homontTiious hemianopia. 

(3) Lesions in the Midbrain. 

Hero the proximity of the pyTomidal fibres to the tlimi nerve 
sometimes adds signs of localizing value. Tims ne may encounter 
paralysis of the third nerve with hemiplegia on the opposite side 
( ireicr’a tyndromt). Tliroughout the bmin-stem the two pyramidal 
tracts lie close together, ^’aseular lesions are often strictly unilateral, 
but space-occupying lesion-s, inch m tumours, frequently involve 
boUi pjTamidal tracts. The pyTamhial fibres deciis.*ate at different 
levels, those destine«I for the opposite facul nucleus, for example, 
crossing at the junction of the mldbram and the pons, while tliose 
which are concerned in the movementa of the limbs do not cross til! 
they reach the pjTamidal decussation In the medulla. A legion in 
the middle line situated anteriorly at the junction of tlie mldbmin 
and pons may thus involve only the decussating fibres running to tho 
facial nuclei, and so produce facial diplegia of the supranuclear 
tj-pe This may be associated with bilateral paraljsU of lateral 
conjugate ocular deviation, the supranuclear fibres for this niosc- 
meat crossing tho middle line at the same level. 

(4) Lesions In the Pons. 

Owing to the higher level of decussation of the corlieo-fneial 
pjTanudaJ fibres a uni].ateral pjTamtdal lesion in the pons diws not 
cause weakness of the opposite side of the face, but only of the oppo- 
site bulbar muscles and limbs The lesion may, however, also in- 
volve the facial nucleus or the intrapontine fibres of the facial nerve 
on the same side, thus causing on© form of ‘cros.sod hcmijilegia’. 
Many forms of this have been described and named after their 
earhest observers. 

Millard-Gubler's Syndrorne consists of pamlj-sLs of the external 
rectus. With or without facial j^tnilysis of the lower motor neurone 
tj-pe on one side and supranuclear paralysis of the bulhar muscles and 
limbs on the opposite side. 
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Foville's Syndrome U tsiinitAr to Millanl-Gubler's a 3 Tidromo, oxcept 
tliat parah-ais of conjugnlo ocular deviation to the side of tlie lesion 
takes the place of external rectus paralysis. 

Ipsilatcml paralj-sis of the jaw muscles may be nsaocinted uith 
cither of these sv’ndronica. When the lesion is situatetl deeply in the 
pons, near the middle line, involvement of the metlian fdlet causes 
impairment of postural pcnsibility ou the opposite side of the bod}'. 
IMien the lc.sion is mainlj' in the lateral region of the pons the fdlet 
escapes but damage to the sjtuio-thalainic tract causes crosse<l 
analgesia and thormo-annesthesin, %ritli or srithout some impairment 
of scnsibiUly in the trigeminal area on the side of the lesion, o\\ing 
to involvement of tlic trigeminal fibres uithin the pons. 

Ilonitr'a Sytidrome, juiralj’sis of the ocular s^nnpathetic, may also 
result from a le.sion in the tegmentum of the pons. 

(5) Lesions In the Medulla. 

Many varieties of crossed hemiplegia have been described ns a result 
of unilateral metlullar\' lesions. A lesion near the middle lino mil 
involve the pjTamhlal fibres to the limbs above their decussation, 
together %rith the fibres of the hv^poglossal nerve, cuusliig unilateral 
paralysis of half of the tongue, mth crossed hemiplegia of the limbs, 
to whicli loss of postural sensibility in the parnl^'sed limbs may bo 
added. Whenthc lateral region of the nieiluHa is affected as noli there 
udll also bo paral 3 *sis of the soft palate and vocal cord, with Homer’s 
sj’ndromc and trigeminal analgesia and thermo-anaesthesia and some 
cerebellar deficiencj*, all on the side of the Jesion, with loss of appre- 
ciation of pain, heat, and cold in the limbs and trunk on the opposite 
side. Vascular lesions in the middle line of the metiulla may involve 
both pjTamidal tracts, leading to quodriplegia u ith unilateral paraly- 
sis of the tongue. 

(G) Spinal Hemlplcgiia. 

A unilateral lesion of the pyramidal tract in the spinal cord below 
the medulla and above tlie fifth ccni-ical segment causes Jiemiplegia 
involving the limbs on the affected shle but m ithout jiaralysis of the 
muscles innervated by tbo cranial nerves. 

Decebebr^tb Man 

A condition which appears to be physiologically homologous with 
decerebration in the animal may occur in man, either in the form of 
a convulsion or as a prolonged state of muscular hypertonia without 
los-s of consciousness. The convulsions — ‘tonic’ fits, or ‘cerebellar’ 
fits of Hughliiigs Jackson — aro cliaracterized by opisthotonos and 
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nsicl extension of all four limbs. The upper limbs are internally 
rotated at the shojilder, e.xtended at the elbow and lij'perpronated, 
and the fingers are extended at the metacarpo-phaUngeal joints 
and flexeil at the interphalangeal joints. The lower limbs are 
extended at the hip and knee, and the ankles and toes are plantar- 
flexed This human decerebrate attitude has been obserred to result 
from lesions at the lexel of the upper pari of the midbrain, such as 
tumours an^mg in the imdbrain, and pineal tumours and tumours of 
the cerebellar rermis, which compress the niidbrairi from without. 
It may also be produced by difiiisc cerebral disturbances, such as 
hydrocephalus and diffuse sclerosis, which grossly damage the func- 
tions of both cerebral hemispheres. It is probabl}* the result of 
interruption of both pyramidal and rubrospinal tracts. 
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2. THE LOWER 3IOTOR ^'EURONE 

The cell bodies of the lower motor neurones are situatetl in the 
motor nuclei of the brain-stem and the anterior horns of tlie grey 
matter of the spinal cord. Hieir dendrites receive impulses from the 
axones of the pyramidal tracts, either directly, or through inter- 
calated neurones, and also frxim lho«e nerve-fibres which act as con- 
ductors m the reflex arcs Thrir axones pass into the cranial and 
spinal nerves, reaching the latter by way of the anterior root«, the 
motor functions of which were first recognized by Beilin ISll. From 
the spinal nerves they are distributed to the peripheral nerves, those 
destined for the limbs passing tn route through the cervical, lumbar, 
and sacral plexu«es. Each lower mot^ir neurone temiinates in reb- 
tion inth a bundle of 150 or more muscle-fibres Injury to the lower 
moto r net irone leads to characteristic g-mptoms. 
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SiTMiTOSis OP Lesions op the Lowes Sfoxos NEtrsoNE 

(1) Muscular Weakness. 

Weakness or complete paralysis occurs in tlie affected muscles, 

■according to tlio sererity of tbo lesion. Tliis is an impairment of the 
function of the muscle itself, and therefore is manifest equally in all 
movements in nhieh the affected muscle normally plaj’s a part. 

(2) Muscular Wasting occurs in the affected muscles Tliis is con- 
spicuous within tu o or three iveeks of an acute lesion, such as acute 
poliomyelitis or <livision of a motor nerve, but develops very gradu- 
ally in chronic disorders such ns amyotrophic lateral sclerosis 

(3) Distribution. 

The distribution of the weakness and wasting is the outcome of 
the grouping of the lower motor neurones at the point at which the 
damage occurs (see pp. 17-22). 

(4) Hypotonia. 

Since muscle tone is a state of sustained contraction resulting 
from impulses reaching the muscles by the lower motor neurones, 
a lesion of this path caHscs li\ 7 >olonia, winch is manifested in flac- 
cidity and a diminished resistance tostrctchlng of the aff'ectod muscles. 

(5) Reflexes. 

The relleres in Avluch the affectwl muscles take part are diminished 
or lost through interruption of their motor patlis An app-arent 
exception to the rule that hj*potonia and loss of reficxes result from 
lower motor neurone lesions is found when the same patient has also 
a lesion of the upper motor neurone, asm amyotrophic lateral sclero- 
sis. In such cases the Iiypcrtonia and mcrcased tendon reflexes 
produced by the upper motor neurone lesion may more than counter- 
balance the ojiposite effects of the lov^cr motor neurone lesion Siicli 
patients may show increased tendon reflexes in the w'asted muscles — 
so-called ‘tonic muscular atrophy’, 

(G) Muscular Fasciculation and Fibrillation. 

Fascicular twitching of muscles is seen in ita moat typical form as a 
result of chronic degeneration of the anterior horn cells in progressive 
muscular atropliy. In such cases each twitch mvolves a group of 
muscle fibres. It does not occur when these cells ar^rapidly injured 
or destroyed as in acute anterior poliomyelitis , aiul it is very rare 
when they suff'er from compression as in syringomyelia or spinal 
tumour, it is occasionally seen in acute inflammatory lesions of the 
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peripheral nerves, for example when the facial nerve is involvwl in 
zoster of the genicnlate ganglion, and.rarely, in sciatic neuritis, but is 
absent m polj-neuritis and the muscolar dystropliies. Fascicular 
twitching of the facial muscles, especially the orbicularis ociili, is 
common as a transitorj’ occurrence ia normal persons — ‘live blood’, 
or m\ okymia — and is also found in clonic facial spasm, a progressive 
disoiiler of unexplained origin. Spasmodic facial contractions are 
also seen dunng recovery from facdal paralysis. A few isolated 
muscular twitchings are often seen in bedridden patients, especially 
in the calves. Finalli', completely denerrated muscle show's a fine 
flickermg fibnllatioa only visible with difficulty (Denny-Brown and 
Penn> backer, 1938). 

(7) Muscular Contractures. 

Jluscular contracture, leading to permanent shortening, may occur 
in muscles of which the lower motor neurones are damagctl, for 
example in the facial muscles after Bell’s paralysis. More often it 
develops in their antagonists, the action of which is no longer oppo««l 
by the paralysed muscles. An example of this is contracture of the 
calf muscles folloiving paralysis of the anterior tibial group and 
the peronei m acute anterior pohoroychtls. Appropriate splinting, 
passive movements, and massage are required to prevent such 
contractures 

(8) Trophic Changes. 

Lesions of the lower motor neurones are often attended by so- 
called trophic changes The afTectetl e.Ttremity w cold and cyanosod, 
the finger- and toe-naUs are brittle, and the bones are smaller and 
lighter than normal These changes are probably due fKirtly to 
disuse, with lo«3 of the mfluence of muscular action upon the circula- 
tion and the development of the bones, and partly to vasomotor 
paralysis from destruction of the vasoconstrictor fibres of the 
sympathetic. 

(9) Reaction of Degeneration. ' ' 

Xormal muscles respond vigorously to stimulation by the faradic 
(mterrupted) and galvanic (constant) currents. Faradism causes a 
muscular contraction which peiaists as long as the current is passing. 
Galvanism causes a contraction only when the current is made or 
broken, but not while it is passing A smaller current is required 
to excite the muscle when the kathode is used as a stimulus and the 
current is closed (K-C C. = katfaodal closing current) tlian when 
the anode is similarly used (A C.C. = anodal closing current). After 
a lesion of the lower motor neurone a muscle ceases to respond to 
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faradic stimulation of ita motor point in from four to seven clays. 
After ten days a normal response to galvanism ceases to be obtain- 
able, but the muscle responds to this form of stimulus by a sluggish, 
wave-like contraction starting at tlie point stimulated and requiring 
'a stronger current for its elicitation tlmn tbe normal muscle. Jlore- 
over, tlio anodal closing cuirent is now a more rlTective stimulus 
than the kathodal (A.C.C.>K.C.C.), a phenomenon known as polar 
reversal. These changes, of which the last is the least important, are 
known collectively as ‘the reaction of degeneration’. 

These electrical tests are of special value in determinmg the degree 
of injury to the lower motor neurones, and hence are of importance 
in prognosis. Thus the persistence of a response to faradism in a 
muscle three Aveeks after a lesion of the nerve indicates that the lesion 
is incomplete, and the loss of all response to galvanism means that 
recovery is no longer pos.sible. For an account of the situation of the 
motor points and the tecliiiiquo of electrical testing, readers are 
referred to text-books on medical electricity. 

Segmectation in the Spinal Cord 

It will be remembered that early in foetal development the body 
shoATS a division into a series of segments or mctamcres. This 
primitive segmentation to a largo extent determines tho subsequent 
plan of tho loirorniotorand first sensory neurones at their emergonoe 
from, and entrance Into, the spinal cord. Corresponding to eaclj 
spinal segment is one pair of spinal nerves composed of tho anterior 
and posterior roots of that segment. Tho coll bodies of tlie first 
sensory neurone, which be in tho posterior root gangba, are completely- 
separated in each segment from those of tho segments above and 
below. The cell bodies of the lower motor neurones, however, be in 
longitudinal columns in tbe anterior horns, hence their segmental 
grouping is less distinct. Nevertheless, the emergence of their axones 
by a series of separate anteriorrootsis the basisof amotoreegmental 
arrangement, for aa'o may regard as a segment of the cord from the 
aspect of motility that group of anterior horn cells of Avhich the 
axones emerge by one pair of anterior roots and join one pair of 
spinal nerves. 

The Segmental Representation of Muscles. 

As we have seen, the cells of the anterior horns lie in longitudinal 
columns and those Avhicb innervate a single muscle commonly 
extend over more than one segment longitudinally. Further, a num- 
ber of such longitudinal columns may be recognized cut transversely 
in a transverse section of the cord. Hence seA'eral muscles may 
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be represented in tLe same segment. It follows that comfflete 
destruction of the anterior Iiom eclis'in one segment, or of their 
axones in one antenor root or spinal nerve, causes weakness of all 
those muscles which are innervated from that Rcgnient, but com- 
pletely paralyses only eueh as have no nerve-supply from adjacent 
segments 

Through the cervical and Inmho-sacral plexuses the axones of 
the lower motor neurones are redistributed and enter into new group- 
ings in the peripheral nerves Consequently the fibres from a sUiglo 
spmal segment maj’ reach several peripheral nerves, and conversely 
a single peripheral nerve may receive fibres from several spinal 
segments Thus we can distinguish between a lesion of a spinal seg- 
ment, anterior root, or spinal nerve, on the one hand, and a legion 
of a peripheral nerve on the other, because the resulting muscular 
weakiic«shaaadistincti\eana(omicalclistribiition. For example, tho 
fifth cervical spmal segment innervates the supraspinatus and infra- 
spinatus, deltoid, biceps, brachialls anticus and supinator longtis, 
muscles uhieh receive their peripheral nerve-supply from the supra- 
scapular, circumflex, musculo-cutaneoiu, and mosculo-spiral nerves 
respectively. These muscles cannot be paralysed by a lesion in- 
volving any single peripheral nerve, nor could a peripLenil nerve 
lesion affect them without affecting others. Such a distribution of 
mmeuiar weakness indicates a segmental lesion 

On the other hand, if the supinator iongus is paralysed in associu- 
tion with the tnoeps and the extensors of the uTkt and fingers, this 
grouping points to a lesion of the musciilo-spiral nerve which 
supphes all these muscles. 
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SUGllEKTAL IKNKUVATION OF StUSCLKS OF UrPJ^H EXTREMITY 
\ <Bing) 


Cririrat Sfvmrot* 
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IXltoiilfUn 
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1 Trrvs major 
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£zt«tttor carpi mlUl 
I'roiiator terra 
FIrtor carpi nxlU) 

I'lexcc p^c tons 
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iitna poll ions 
rxirns tiUlt comm. 
Eztma livJifla prop _ 

Eztriu carpi uId 

£x(roa 41s V prop 


ncx dSffltor BuUinila 
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Uppoaena ills V. 


ralmarli brev. 
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DISORDERS OF FUXOnON 

aiUSCCLAR SUPPLY OF PERIPHERAL NERVES 


(modified from Bing) 

A. Pixxtrs CSR^^CA^s (Cl— C«) 

l\er\i cmiealea ilusnali profvmcK eoffi Fle'siteiv. esSev.svSQ, sate- 
tion of the neck ' 

3Im. Ecaleni ElevationofrilM (inspiration) 

N. phrenicua Diaphragma InapiratioD 


B Pixxcs BftAcgiAT.ia (Cs— D,) 

N thoracic, ant. il. pect. xnsj. et min. 

N thoracic long M. serrat. ant. 


N dorsalo sesp. levator acapul. 

Mm rhomboidei 


N. aupraseap. il. supraspuiatua 


M. in£ra5piDatu3 

K subscapul. M latianmnsdora.l 

M. terw major I 
eubscapuIarLi 

N. axiUana s. M. dcitoideus 

circumflesiu 

M. teres minor 

N. musculocut. 31. biceps brach. 


M. coracO'bracliialis 


M. bracbialis ant. 

X. niedianus 31. pronator teres 
31. flexor carpi rad. 

31 palm. long. 

31. fiex. digit, aubhm. 

31. flex. poll. long. 

31. flex, digit, prof. 

^ (radial portion) 

31. abduct. poIL brev. 

31. flex. poll. brev. 

3f. opponens poD, 


Adduction and ^ forward 
depression of the arm / 
Fixation of the scapula dur- 
ing elevation of the ann 
Elevation of the scapula 
Eleiation and drawing in- 
wards of the scapula 
Elevation and external rota- 
tion of the arm 
Eilemal rotation of the arm 

i Internal rotation and dorsal 
adduction of the arm 
Internal rotation of the arm 
Elevation of the ann to the 
horizontal 

External rotation of tho arm 
Flexion and supination of 
the forearm 

Flexion and adduction of the 
forvann 

Flexion of the forearm 
Pronalion 

Flexion and radial flexion of 
the hand 

Flexion of the hand 
Flcxioti of the middle 
phalanges of the fingers 
Flexion of the terminal 
phalanx of the thumb 
Flexion of tho terminal 
phalanges of the index and 
middle fingers 

Abduction of the first meta- 
carpal 

Flexion of the first phalanx 
of the thumb 

OppMition of tlie first meta- 
carpal 
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N. ulnam M. flpxor cnrpj uln. Flexion nnd ulnar flexion of 

tlio liand 

M. flex, digit, prof. Flexion of the tcmiinnl 

(ulnar portion) phalanges of the ring nnci 

little Angers 

SI. adductor poll. Adduction of the first meta- 
carpal 

Slin. hj’pothenares Abduction, opposition and 

flexion of the little finger 

Sim. lumbncales FIcxionofthefirstphalanges, 

extension of the others 

Sim. interossci The same; in addition, 

Abdiiction and adduction of 
the fingers 

Xerv’us rndmhs SI. triceps brach. Extension of the forearm 

SI. siipm. longus* Flexion of the forearm 

SI. extensor carpi rad. Extension and radial flexion 

of the hand 

SI. extensor digit. Extension of the first 

comiu. plmlonges of the fingers 

SI. extensor digit. V Extension of the first 

prop. phalanx of the little finger 

SI. extensor carpi uln. Extension and ulnar fiexion 
of the hand 

51. supinator brevis Supination of the forearm 

SI. abduct, poll. Abduction of tho first meta- 

longu.1 carpal 

31. extensor fioll. Extension of the first 

brevis phalanx of tho tliumb 

M. extensor poll. Abduction of tho first meto- 
longus carpal and extension of the 

tonninal phalanx of the 
thumb 

51. extensor indie. Extension of tho first 

proj). phalanx of tho index finger 

C. Ncnvi Thohacales 

Slin tboracici et ab- Elevation of the ribs, expira- 
doininales tion, compression of ab- 

dominal xTsccra, &c. 

* The name ‘supinator longus' is incorrect, inasmuch as electrical excitation 
experiments show that tho muscle has no supinatuig, but, on the contrary, a 
slight pronating action For tlus reason a ptoferablo name is that of ‘brachio- 
radialis’. This is in common use among anatomists, but has not yet been 
adopted by clinicians. 
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D. PiJ-xt'*! Lumb^lis {D,j— L*) 

X- cruralis M. ilio-i*soa9 

M. sartonm 
M. r|ua<Iriccpa 

N. olitiiratonus 51 pcctinews 5 

5t adductor lonpo { 
51. adductor brr'is 
51 adductor mapons I 
51. gracdu ^ 

51 obturator extern. 


Flexion of tbo hij> 

Internal rotation of llio leg 
Extension of the leg 


Adduction of the thigh 


Athluction anil external rota- 
tion of the thigh 


E. Pz-Exrs SAcnxLia (Lj — S*) 

X glutciH sup. 51 gluteus mod. I 
5T. gluteus min. f 
51. teas, fnseifte latae 
51. piriformts 

X. gluteus mf M. gluteus max. 

X fHohuidiciw 51. obturator int. 

5tm. gemelh 
51. <iimdmtus font. 

M. btcejw fomort'* 

51 scmitendino^ua 
51. sernimeinbrancwiwj 


Abduction and internal rota. 

tion of the thigh 
Flexion of the thigh 
External rotation of the thigh 
Extension of the thigh 

Exiemni rotation oft ho thigh 


Flexion of the leg 


(a) X pc-roneiLs. 
(r;) Prof 


(fc) Siiptrf. 
(j3) X. tibialis 


X. (uideiKiiu 


M. tibialis ant. Dorsal licxion and Inteisiun 

of the foot 

51. exfena. digit* long. Extension of the toes 
51. extetvx. liaU. long. Extcnsiori of the great toe 
51. extens. digit, brev. Exteasion of the toex 
51 exten-s, luill. bn-v. Exteadon of the great too 
51m. jxTOiiei Dorsal flexion and everxion 

of the foot 


51. gnj-trocnemiiisJ 

51 flolciu f 

51. tibialis {lost. 

51. Rex. digit. long. 

tf. flex, lialiue. long. 

51. flex, digit, bfev. 

51. flex, lialhie. brr%*. 

M. plant, reliijui 
5Iin. |M'nnet ct 
rphinct. 


Plantar flexion of the fool 
Plantar Rexion luid ini en-ion 
of the foot 

Mexion of the teniiiiiu] 
plialungvn. II-V 
Flexion of the terminal 
phalanx of the great too 
Flexion of the middle 
plialanges, II— V 
Flexion of the first t>halmtx 
of the gn-at too 
Moiements of the toes 
Chwure of Fjihincteni. co* 
opi-mtion in sexual act 
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3. SENSATION 

Tre Examination of Sensation 

The neurologist is concerned tvith sensibility primarily for the 
purpose of localizing lesions in the nervous system and determining 
their nature. His methods of investigation are therefore more 
‘rough and ready’ than those of the experimental psychologist, and 
have been adopted on account of their practical value for his im- 
mediate purpose. 

Spontaneous Sensations. 

The investigation should begin with a careful inquiry whether the 
patient has experienced any abnormal spontaneous sensations or 
paracsthesiao. The commonest such sensation is pain, but in addi- 
tion parts of the body may be described as feeling hot, cold, numb, 
dead, or heavj', and such abnormal feelings as constriction, itching, 
tingling, 'pins and needles’, and ‘clectricshocks’ maybo experienced. 
When a patient complains of an abnormal sensation it is necessary 
to ascertain its situation and duration, whether it irradiates and if 
so in what direction, whether it is excited by movement or by any 
external stimulus, and whether it is attended by hypersensitiveness 
of the skin to painful or other stimuli. 

'Root-pains’ are pains duo to a lesion of ono or more spinal 
posterior roots and are experienced in the segmental areas in- 
nervated by the affected roots. They may be excited or intensified 
by coughing or sneezing or changes of posture. 

A patient wth a lesion of the posterior columns of tho spinal 
cord in the cervical region may complain of a feeling like an electric 
shock radiating through the body on flexing or extending the cervical 
spine. 

A strange sensory abnormality is the ‘phantom limb’. A patient 
who lias lost a limb by amputation may continue to feel as if the 
limb were still there, and may even experience pain in the phantom 
limb. Similarly a patient who has lost all power of sensation in a 
limb or limbs as a result of a lesion of the spinal cord or brain may 
imagine that ho feels his anaesthetic limb and that it occupies a 
posture different from its real position. 
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Objecthe Sensor}' Tests. 

Li^ht Tovth. 

Tlie appreciation of li^rlit touch is most conveniently investigated 
by means of a verj’ small wisp of cotton-wool applied to the shaved 
skin, care being taken that no pressure is exerted iij)on the skin. 
The patient with his eyes ciosed is asked to reply each time he feels 
s touch 

Prrsture Touch. 

rre«-sitre touch is similarly inre«tigat«l by press-ing with a blunt 
object such as the nnsharpened end of a pencil. 

Lorahznfion 0 / Touch. 

The part of the body under ins'cstigalion U screened from the 
paticnfa eyes and after he ha.s been toucher! he is o-skeri to name the 
spot or to point to it. For greater accuracy he may indicate it upon 
a diagram. 

Sup<rf\einl Pam. 

SajKirtlcial pun is mrcstigatesl by pricking the skin uith a pin 
or needle It should bo noted that this stimulas evokes a tactile 
hCiisaticm of sharpncs.s ns well as a feeling of pain. The patient's 
Attention mu«t therefore be dirccte*! to the painful element in the 
feeling In mapping out cutaneous nrens of annlgesia or hyperalgesia 
the point of a pin may ho draggerl along the skin, tho patient being 
asked to fwiy when the cb.angc to normal or exaggerated |iainful 
scnsibihty occurs 

/'resfurr roin. 

Deep pressure, if sulficiently vigorous, normally excifra piin. 
This IS most simply testeil by compres-sing n masclo between the 
fingers and thumb or by squeezing o tendon such as the tendo 
.tchilhs 

T'sm/’erolurr 

For testing appreciation of temperature, metal tubes, made of 
copper or silver, should he uses!, since gkw is a relatively poor con- 
ductor of heat. For ordinary purpohcaone tube should be filled with 
ice and l)ie other with water at a temperature of -13’ C. The tubes 
are apphcrl to the skm and the patient is nsktsi to describe his sensa. 
lions If llie water m too hot confusion may arise, since a sensation 
of |wiin may be exntcd. 
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Postural Setisibiliti/. 

Postural sensibility, or sense of position, is tested by placing a 
segment of a limb in a certain position and asking tbo patient to 
describe its posture or imitate it with the opposite limb. 

Passive itlovement. 

Power of appreciating passive movement is tested by passively 
moving a segment of a limb at a joint and finding the angle through 
which it has to bo moved in order that the patient can appreciate the 
movement. Tlie part to bo moved shoidd always be grasped in 
such a way that the observer’s fingers are applied to surfaces parallel 
to tho piano of movement to eliminate the perception of variations 
in their pressure. Sligliter degreoa of movement are appreciated at 
tiie joints of tho fingers and toes than at the more proximal joints 
of the limbs. Normally a movement of a few degrees is recognized at 
tJieinterphalnngeal and raefnearpo- and metatarso-pbalangeal joints. 
Ptirafion. 

To teat the appreciation of vibration, a tuning-fork C® beating 
128 times a second Is struck and applied to tho part to be investigated. 
Normally the ciiaractcristlc tinglingsensation is readily felt Normally 
also if tho patient is asked to say when bo ceases to feel the vibration 
and tbo fork is tlien transforrod to the opposite limb it again becomes 
perceptible. When appreciation of vibration is impaired on one side 
of tho body this second response is longer when the fork is transferred 
from the affected to tho normal aide than vice versa. After the ago of 
60 the appreciation of vibration may he reduced in normal persons. 

Tactile Dhcriminaiion. 

Tactile discrimination is measured by ascertaining tho distance 
which two compass-points require to be separated in order that tho 
patient may appreciate them as two and not one. Special compasses 
mtli blunt points are used, and these aro furnished with a scale 
which indicates the distance the points are separated. The part to 
be tested is successively touched with two points and ^vith one in a 
random order, and tho number of oorreefc answers and errors noted. 
The corresponding part on the opposite side, when normal, is used as 
a- control, and to determine tho normal thrcsliold, that is, the distance 
of separation necessary for accurate discrimination. Normally 1 cm. 
of separation is appreciated on the palmar surface of tho thumb and 
fingers. , 

Appreciation of Form. 

Stereognosis, or the appreciation of form in, three dimensions, 
is tested by asking the patient with his eyes closed to recognize 
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common objects placed in hb hand. If there is mtitked paralvsis of 
the fingers the object must be moved about by the observer in the 
patient’s hand 

The First Sessobv Neueose 

The first sensor}’ neurone is the path by uhicb sensory impulses 
from the periphery reach the central nervous system. The cell bodies 
of the first sensory neurones are ehnated in the spinal posterior root 
ganglia and m the corresponding sensory ganglia of the cranial nen'cs. 
Tliey are bipolar cells, one process being distributed to the jicripberj' 
and the other entering the spinal cord or brain-stem. The peripheral 
process in some instances enters into relation with sensory end- 
oigans, which are the specific receptors for certain forms of sensi- 
bility. The nerve-fibres concerned in the appreciation of pain appear 
to be devoid of end-organs and to terminate as free nwe-endings. 
The receptors for heat and cold are not evenly distributed throughout 
the skin, but are situated in localized heat and cold spots. Xo 
specific end-organs for temperature sensibility have as yet been dis- 
TOvewd. lUisinet t corpuscles are encapftnlsted end-organa uWch 
are probably concerned m the appreciation of light touc-li. The hairs 
are also tactile organs and the hair follicles are richly supplied with 
nerve endmgs. The Pacinian corpuscles are distributed to the deeper 
parts of the dermis aod to the tendons, periosteum, and the neigh- 
bourhood of the joints. The«earc probably concerned in the apprecia- 
tion of pressure, posture, and passive movement. In addition muscles 
and tendons possess specialized sensory end-otgans — ^the muscle and 
tendon spindles. 

Sensibihty may be divided into somatic and visceral forms of 
sensation. Somatic sensibUity again may be divided into extero- 
ceptive and proprioceptive forms Exteroceptii'c sensibility is con- 
cerned with the appreczition of stimuli coming from outside the body 
and includes cutaneous sensibility and the special senses. IVoprio- 
ceptive sensibility is the appreciation of the posture and movements 
of the body itself. Proprioceptive impuLes arc derived from the 
labyrinths and the muscles, tendons, and joints. Xot all proprio- 
ceptvNC afferent impulses reach consciousness. JIany are concerned 
m reflex activities at the spinal level or influence the cerebellum in 
its control of movement and pcKture. 

Cutaneous Sensory Segmentation. 

Ihimitire organisms frequently exhibit metamerie segmentation 
of the body, and this arrangemmt is evident in the human foetus 
during the early stages of its develojMivent. E.vch somatic segment or 
metamerc is linked to the corresponding segment of the neurasis 
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liya jKiirofhpinalnervcs. Iiitl>e<^)iirf>oofcvoliitioii(fic sjiccmlizntioii 
of the anterior end of the orgaimm to form the hcn<i, and the growth 
of the complicated nmtor and sensory functions of the limbs liavo 
interfered with the primitive mctumcric segmentation of the nervous 
system, v> Inch in man is now found in its simplest form only in the 
thoracic region. 

EacJi spinal nerve is forn>Cil hy a fusion of one anterior and one 
jKwtcrior spinal root, the anterior root conveying efferent and the 
jwsterior mainly afferent fibres. The sensory character of tlie 
posterior roots was first reeognizetl by Magendie in 1822, After this 
fusion the spinal nerve divides peripherally into its anterior and 
posterior primary dinsions, both containing motor and sensory 
fibres. The jmsterior primary division convex’s motor fibres to the 
muscles of the spine and sensory fibres to tlio overlying cutaneous 
area. The anterior primary divWon in it.s simplest form, for example, 
in the mid-thoracic region, supplies motor fibres to the intercostal 
nniiclcs and een«ory fibres to a narrow tone extending horizontally 
round the thorax on one side as far as tho midillo line. At the cervical 
and lumlKj-sacral enlargements of the cord tlie arrangement is com* 
plieatwf by the formation of the limb plexuses, in uliicli several of 
tho anterior primar> tlivuuons unite and subsequently subdlrido to 
form the poriplierul nerves to the limbs Through tho intervention 
of tlie plexuses a single spinal nerve may w?nf 1 boCli mot or and sensory 
contributions to several iwnpheral nerves, and, conversely, a single 
peripheral nerve may receive contributions from sovcml spinal nerves, 
it folloifs that the sensory loss resulting from interruption of a jwri* 
pheral nerve differs in its distribution from tlmt protluced by inter- 
ruption of a posterior root or spinal nerve A bcgmcntal or radicular 
cutaneous area is an urea of skin which receives its sensory supply 
from a single jxistcrior root and spinal nerve. In tho trunk these 
segmental areas still exhibit a melamcrie arrangement. In the limbs 
this has been modified, but ns a rule the segmental areas occupy 
elongatfxl zones in the long axis of the limb (Figs. 4 and 3). Ow ing to 
tho Biiecialization of tho anterior pnmarj' divisions of the lower 
cervical and first thoracic spinal nerves in tho innervation of the 
upper limb, these have lost their cutaneous supply to the trunk 
anteriorly, and nt tho level of the second rib the fourth cervical seg- 
mental cutsnatu'i area is contiguous with tiio sccoiiil thoracic. The 
lower six thoracic spinal nerves supply the abfiorainal wall as low as 
Poupart’s ligament. Probably owing to the fact that the posterior 
primary divisions of the spinal nervra take no part in the formation 
of tJie limb jilexiisc-s, all spinal segments appear to be represented 
in the cutaneous supply of the back. 

There is considerable overlapping of contiguous segmental enta- 
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common objects placed in his hand. If there Ls marked paralysis of 
the fingers the object must be inoTed about by the observer in the 
patient’s hand. 

Tire Fibst Sessosv NEpnojfE 

The first sensory neurone is the path by which sensory inipiil-cs 
from thepenphery reaehtbe central nervous system. Tim cell botUca 
of the first sensory neurones are situated in the spinal posterior root 
ganglia and in the corresponding sensory ganglia of the cranial nerves. 
They’ are bipolar cells, one process being distributed to the peripiiery 
and the other catering the spinal cord or brain-stem. The peripheral 
process in some inaWnces enters into relation with hcnsory end- 
organs, which are the specific receptors for certain forms of scn'ii- 
bility The nerve-fihres concerned in the appreciation of pain appear 
to be devoid of end-organs and to terminate as free nme-endings. 
The receptors for beat and cold arc not evenly distributed throughout 
the skin, but are situated in localized beat and cold spots. Xu 
specific end-organs for temperature sensibility have as yet been dis- 
covered Jleissner's corpuscles are encapsulated end-organs which 
are probably concerned in theappreclation of light touch. Tlic hairs 
are also tactile organs and the hair follicles arc richly supplied with 
nerve.endmgs The Pacinian corpuscles arc dlitributeil to the deeper 
parts of the dermis and to the tendons, periosteum, and the neigh- 
bourhood of the joints. Theseare probably concerowl in the approcia- 
tionofpresiure, posture, and passive movement. In addition museles 
and tendons posseM speciahzed sensory end-organs — tho muscle and 
tendon spindles. 

Sensibihty may be dnided into somatic and visceral fonna of 
sensation. Somatic sensibihty again way' be divided into extero- 
ceptive and proprioceptive forms. Exteroceptive sensibility is con- 
cerned with the appreciation ofstimuU coming from outside the body 
and mcludes cutaneous aensibilily and the 8i>ecial senses. IVoprio- 
eeptive sensibility is the appreciation of the posture and moi emonts 
of the body itself Proprioceptive impulses are derived from tho 
labyrinths and the muscles, tendons, and joints. Xot all proprio- 
ceptive afferent impulses reach consciousness. Jinny are concerned 
in reflex activities at the spinal level or influence the cerebellum in 
its control of movement and posture. 

Cutaneous Sensory Segmentation. 

Primitive organisms frequently exhibit metamerie scgincntivtion 
of the body, and this arrangement is evident in the human foetus 
during the early stages of its development. Each somatic segment or 
metamere is linked to the oonesponding segment of the ncuraxis 
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by a pair of spinal nerves. In thecoursoof evolution the specialization 
of tho anterior end of the organism to form the head, and the growth 
of the complicated motor and sensory functions of the limbs have 
interfered with the primitive raetameric segmentation of the nervous 
system, uhich in man is now found in its simplest form only in the 
thoracic region. 

Each spinal nerve is formed by a fusion of one anterior and one 
posterior spinal root, the anterior root conveying efferent and the 
posterior mainly afferent fibres. Tlie sensory character of the 
posterior roots was first recognized by Magendie in 1822. After this 
fusion the spinal nerve divides peripheran3' into its anterior and 
posterior primary division.s, both containing motor and sensory 
fibres. The posterior primary division conveys motor fibres to the 
muscles of the spine and sensory fibres to the overlying cutaneous 
area. The anterior priniary division in its simplest form, for example, 
in tlie mid-thoracic region, supplies motor fibres to the intercostal 
muscles and sensory fibres to a narrow zone extending horizontally 
round the thorax on one side as far as the nuddle line At the cervical 
and lumho-sacral enlargements of the cord the arrangement is com- 
plicated by the formation of tho hmb plexuses, in which several of 
the anterior primary divisions unite and subsequently subdivide to 
form the peripheral ncrv’cs to the limbs. Through the intervention 
of tho plexuses a single spinal nerve may send both motor and sensory 
contributions to several peripheral nerves, and, conversely, n angle 
peripheral nerve may receive contributions from several spinal nerves. 
It follows that tho sensory loss resulting from interruption of a peri- 
pheral nerve differs in its distribution from that produced by inter- 
ruption of a posterior root or spinal nerve. A segmental or radicular 
cutaneous area is an area of skin which receives its sensory supply 
from a single posterior root and spinal nerve. In the trunk these 
segmental areas still exhibit a metameric arraugement. In the limbs 
this has been modified, but as a rule tho segmental areas occupy 
elongated zones in the long axis of the limb (Figs. 4 and 5) Owing to 
tho specialuation of the anterior primary divisions of the lower 
cervical and first thoracic spinal nerves in the innervation of the 
upper limb, these have lost their cutaneous supplj' to the trunk 
anteriorly, and at the level of the second rib the fourth cervical seg- 
mental cutaneous area is contigaoua with the second thoracic. The 
lower six thoracic spinal nerves supply the abdominal wall as low as 
Poupart’s ligament. Probably owing to the fact that the posterior 
primarj' divisions of the spinal nerves take no part in the formation 
of the limb plexuses, all spinal s^ments appear to be represented 
in the cutaneous supply of the back. 

There is considerable overlapping of contiguous segmental cuta- 
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neoua areas, lienee the division of s single posterior root does not 
canse any aensory loss detectable by ordinary clinical methods 
(Foerster). There is evidence that each root supplies fibres for pain, 



heat, and cold to a larger area flian that to nhich it supplies fibres 
for light touch. 

In the sensory innervation of the head the trigeminal nerve repre- 
sents a fusion of the sensory supply of several segments, thongh the 




30 PISORDERS OF FUXCTIOX 

incoming fibres lie on the medial side of the apex of the posterior 
horn of grey matter, in the outerpart of the tract of Biirdach, where 
they di%idc into ascending and descending branches. Tlie descend- 



ing bmnrhc«, wliich form the comma tract, tcmiinato in the grey 
matter after passingdomiwardsthrough a few segments. Tlie ascend- 
ing fibres pass iipuanls in the lateral part of the posterior column. 
Tlicy may bo diridwl into three groups in accordance witii tbeir 
respective «listnbiition.s (Kig. 6) 

( I ) Some of these fibn-s continue to pass upwanls in the posterior 
column of the same side and terminate in the medulla in the nuclei 
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gracilis and ciincatus. In their upward cojireo the fibres of lowest 
origin pass gradually towards the middle as they are joined on their 
outer side by fibres from higher roots. Thus the fibres from the 
sacral roots come to lie nearest the middle line, with those from the 
lumbar roots to tlieir lateral side, and fibres from the cervical roots 
are the most laterally placed. Those fibres ultimatelj' derived from 
the lower limb pass upwards in the column of GoH, wliile those from 
the upper limb are found in the column of Burdach. The fibres of the 
posterior column convey impulses eoncenied with the appreciation 
of posture and passive movements of the joints and of the vibra- 
tion of a tuning-fork, and with tactile discrimination, that is, the 
ability to recognize as two the points of a compass when simul- 
taneously applied. It is probable tliat some fibres concerned with 
the sensation of light touch and its localization also pass up in the 
posterior column as far as the racdiiUa. 

(2) The second group of entering fibre.s pass up in the posterior 
column of the same side for a considerable distance, but ultimately 
enter the posterior horn of grey matter, round the cells of which they 
terminate. From these cells further fibres take origin and cross the 
middle lino in the grey and anterior white commissures to reach the 
opposite anterior column. There they turn upwords and constitute 
the ventral spino-thalamic tract. These are the remaining fibres 
concerned in the appreciation of light touch and its localization. 

(3) The remaining fibres of the posterior roots are those which 
ascend in the posterior column for the shortest distance, usually 
through only about three segments and never through more than 
five or six. They also end among the celb of the posterior horn 
from which fibre.s of the second relay take origin and, crossing the 
middle lino, like those of the previous group, enter the antero- 
lateral column more posteriorly, and turning upwards constitute the 
dorsal spino-thalamic tract. These fibres conduct impulses con- 
cerned with the appreciation of pain, heat, and cold. There is some 
evidence that there exists a lamination of the fibres of the dorsal 
spino-thalamic tract similar to that of the posterior columns, and that 
the fibres ^vhich convey sensation from the most caudal areas lie in 
the posterior part of each tract and those entering at higher levels lie 
more anteriorly and internally. 

Non-sensory Afferent Impulses. 

To complete our account of the destinations of the fibres entering 
the spinal cord by the posterior roots Ave must mention two groups 
of fibres which are not concerned with sensation since they do not 
conduct impulses to consciousness, namely, those which are relayed 
upward^ in the dorsal and ventral spino-cerebellar tracts. The end- 
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oi^ns of tLe«e fibres are probably mainly, if not exclusively, the 
proprioceptors of the muscles and tendons, and it is possible that the 
spino cerebellar tracts are supplied from collaterals of the fibres of 
the posterior columns. Honever that may be, tho«e impnlses which 
are destined for the dorsal spino-cerebellar tract run at first in tlie 
lateral part of the posterior wJnmn and terminate around the cells 
of Clarke's column, which occupies the medial aspect of the base of 
the posterior bom of grey matter.from the seventh cervical to the 
second lumbar segment. From Clarke's column fibres turn outwards 
to run up in the posterior part of the periphery of the lateral column 
on the same side, constituting the dorsal spino-cerebellar tract and 
reachmg the cerebellum bj' the restiform body of the same side. The 
ventral spino-cerebellar tract is said to be derived from cells of the 
posterior hom of grey matter on the same and the opposite side. 
It lies in the antero-Iateral column ventral to the dorsal spino- 
cerebellar tract and runs up as far as the midbrain before turning 
downwards to reach the cerebellum by way of the superior peduncle. 
There U reason to believe that the dorsal spino-ccrebellar tract 
receives impuLcs from the lower limbs and the t^k, and the ventral 
epmo-cerebellar tract mainly from the upper limbs. These impulses 
do not reach consciousness, but provide much of the 'raw material' 
of proprioceptor information which guides the activities of the cere- 
bellom Their existence explains why lesions of the posterior roots 
and spinal cord may cause ataxia without gross loss of postural 
sensibility 

Brown-SSquard’s Sjudrome. 

Remisecticfn of the cord is a rare occurrence, but a lesion mainly 
involving one half is not nneommou. Destruction of the posterior 
column causes loss of appreciation of penture and passive movement 
of the joints, of the vibration of a tuning-fork, and of tactile dui- 
cnmination below the level of the lesion. Destruction of the posterior 
spino-thalamic tract causes analgesia and thermo-anaesthesia on the 
opposite side of the body. Since fibres entering thb tract do not 
cross the cord for several s^;ment8, the upper level of this sensorj* 
loss is likely to be a few segments below the level of the lesion. Con- 
versely the fibres entering the cord just below the lesion may be 
caught before they cross, causing a narrow zone of similar analgesia 
and thermo-anaesthesia immediately' below the lesion on the same 
side. Owing to the double route of fibres for light touch and tactile 
localization, partly crossed and partly uncrossed, there is rarely any 
loss of these forms of sensibility after a unilateral lesion of the cord. 
Any ataxia which might result frum interruption of the spino- 
cerebellar tracts is likely to be masked by that resulting from loss 
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of posterior colunili sensibility. Ilcmiscction of the Corel of course 
intorrupts descending as u-ell ns ascending tracts, and the clinical 
picture therefore jncludca tho signs of p;yT'iunidal defect below the 
lesion; and destruction of tho anterior horn causes a lower motor 
neurone lesion with a segmental distribution corresponding to the 
level of tho lotion The signs of this are likely to be conspicuous only 
when the lesion occurs at tho cervical or lumbar enlargements. 

Sknsory Paths in the Bkaxn-Stem 

The two principal modifications m the arrangements of the 
Bcnsorj' fibres wliich distinguish the brain-stem from the spinal cord 
are the entrance of tho trigeminal nerve and the decussation of the 
fillet. Tho central connexions of the trigehiinal nerve are described 
elsewhere (see p 153). In snmmar}’ it may be said that fibres con- 
cerned in the aiiprcciation of pain, heat, and cold in one trigeminal 
area, after entering the spinal tract and nucleus of tlie fifth nerve, 
cross to the op{)osito side of tho mc<iulla and ascend in close relation- 
ship with tho median fillet joining the apino-thalamic tract in ~the 
pons 

Tlie fibres of the posterior columns of the spinal cord have already 
boon traced to their termination in the nuclei gracilis and cuiicatus 
in tho posterior part of tho medulla. From theso nuclei tho second 
fibres of this sensory path take origin and cross to tho opposite side 
as tho internal arcuate fibres or the sensory decussation. After 
decussating they occupy a position on cither side of tho middlo lino 
as tho median fillet and so pass upwanls throtigh the brain-stem, to 
reach the optic thalamus*. The mcilian fillet is joined in tho pons by 
fibres from the jirincipal sensory nucleusof t he trigeminal nerve which 
are concerned in the appreciation of light touch, pressure, and pos- 
tural sensibility over the trigeminal area. 

Throughout the brain-stem the spino-thalamic tract, with which, 
above tho medulla, is associated the quinto-thalamic tract, lies in 
tlie tegmentum, e.xternal to the median fillet. As a result of this 
arrangement lesions involving the lateral part of tho tegmentum of 
the brain-stem are likely to cause hcmianalgesia and tbermo- 
anaeathesia on tho opposite side of the body, leaving postural sensi- 
bility and appreciation of passive movement and tactile discrimina- 
tion intact. \\Tien the lesion is situated in the medulla, below tho 
point at wliich the spino-thalamic tract has been joined by the quinto- 
thalamic tract, analgesia and thermo-anaesthesia involve the opposite 
side of the body below the face only, while similar sensory loss is likely 
to occur on the face on the side of the lesion, owing to damage to the 
spinal tract and nucleus of the trigeminal nerve. Appreciation of 
pain, heat, and cold are frequently affected to a different extent by 
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lesions of the brain-stem. Deeply seated lesions may iiirolve the 
medial fillet n-ithout the spino-thalamie tract, thus producing loss 
of postural sensibility, of appreciation of passive movement and of 
tactile discrimination on one or both sides of the body, but leaving 
appreciation of pain, heat, and cold unimpaired. Massive lesions, 
such as tumours, are likely to involve all forms of sensibility, though 
often to a varjing extent. In the midbrain the third nerve and red 
nucleus may be simultaneously involved, leading to Benedikt’s syn- 
drome — paralj’sis of the third nerve on one side u ith hernia naesthesia 
and tremor on the opposite «de. 

The Optic Thaiasics 

All sensory fibres pass upwards from the brain-stem to the optic 
thalamus, whence many are redistributed in a further relay to the 
cerebral cortex (see p. 4). Since certain forms of sensibility are 
unimpaired afterlesionsof the cerebral cortex, it has been arguetlthat 
for these the optic thalamus must constitute the end-station. These 
forms of sensation include the qualitative element in the appreciation 
of pam, heat, and cold, and the aCTective element, that U the pleasant 
or unpleasant chars cter, of other formsof stimuli. Legions in and near 
the optic thalamus are likely to cause loss of various forms of sen* 
sibility owing to interruption of the fibres upon which they deiiend. 
In addition peculianties of sensor}’ response, the interpretation of 
which has given rise to moch discussion, occasionally occur, 

Sensory Loss. 

A severe and extensive lesion of the optic thalamus may cause 
gross impairment of all forms of sensibility on the opposite aide of 
the body, probably as a result of damage to the ventral nucleus 
(Ajunaguerra). Less severe lesions may cause less serious sensory 
disturbance. Appreciation of posture and passive movement usually 
suffer severely Appreciation of light touch and its localization are 
also often impaired Appreciation of beat and cold may be impaired, 
both forms of sensiWlity b^g affected together, though not always 
to an equal extent The threshold for pain may be normal, but is 
frequently raised, even when painful stimuli cause an exa^eraled 
response 

Thalamic ‘Over-reaction’. 

abnarmabtywtechniay feSiow lesions oi the thaiamus 
is comparatively rare, at least in a fully developed form. It is gener- 
ally agreed that damage to the lateral nucleus is necessary for it to 
occur. Pain of central origin may be referred to the opposite side of 
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tho bfxlj'. It may bo extremely severe and foil to respond to analgesic 
dnigs, inchiding morphine. Although the threshold to sensory stimuli 
is usually raised on tho offected half of the body, yet such stimuli, 
when they ore effective, excite sensations of a peculiarly unpleasant 
character. This combination of a raised threshold nith over-reaction 
is known as ‘hyperpathia’. The painful stimulation of superficial 
and deep tissues and of the viscera excites more severe pain on 
the affected than on the norma] side. Extremes of heat and cold 
similarly excite a feeling of great discomfort on the affected side, and 
the same is true of such stimuli as scraping, tickling, and a vibrating 
tuning-fork. Exceptionally, pleasurable stimuli, such as pleasant 
warmth, have been found to cause increased pleasure on tho affected 
side, and this half of the body has been said to react to emotional 
states in a manner different from tho normal half. 

Other symptoms which have been Attributed to a lesion of the 
optic thalamus include choreo-athetoid movements with slight ataxia 
and hemiparcsis on tho opposite aide of tho body, but ft is uncertain 
whether these sjTnptoms are due to involvement of the thalamus 
itself or to injury of adjacent regions of the basal ganglia. 

Thalamic over-reaction is most often seen after vascular lesions, 
and is rare with other types of lesion. Its nature has been much dis- 
cussed and it has been attnbutwl by some workers to irritation of the 
tlialamus, by others to its escaix; from cortical control. Tho pheno- 
menon of over-reaction to painful stimuli associated with a raised 
threshold to such stimuli is not a symptom of thalamic lesions only. 
It may, in fact, be observed ns a result of a lesion involving pain- 
fibres at any point between their endings in the shin and deeper 
tissues and the optic thalamus. Thus it occurs in the so-called proto- 
pathic pliase of sensibility during regeneration of a peripheral sensory 
ner\’e and as a result of lesions of tho epino-thalamic tract within the 
spinal cord and brain-stem. It may be tlie outcome of defective 
insulation of the pain-fibres at any point of their course, whereby 
conduction of painful impulses is to some extent impaired, but at tho 
same time there is a tendency to irradiation which causes a localized 
stimulus to evoke a diffuse and exaggeratedly painful sensation. 
Nevertheless, there is much to be said for the view that in thalamic 
cases there is also a loss of cortico-tbalamic inhibition. 

Sensation at the Sobcortical Level 

A lesion involving the sensory fibres bet^veen the optic thalamus 
and the cerebral cortex usually causes severe and extensive sensory 
loss, since the fibres are here more closely crowded together than at 
the cortex. The appreciation of the qualitative element in pain, 
heat, and cold is unimpaired if the thalamus is undamaged. Other 
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forma of sensibility are usually severely affected, there being as a 
rule marked loss of appreciation of posture, passive movement, tac- 
tile localization and discrimination, and of the appreciation of size, 
shape, and form. There may be an impairment of appreciation of 
temperatures in the middle of the thermal scale. A patient Mjth a 
subcortical lesion does not exhibit the variabilitj’ of re-sponse and 
threshold which characterizes patients with cortical lesions. 

SENS.\nOX AT THE COBTICAt. LEVZI, 

As Head and his collaborators liavc shown, the cerebral cortex 
IS concerned essentially with the spatial and discriminativ e elements 
of sensibility. The extent of the cerebral cortex concerned in sensa- ' 
tion and the localization therein of different forms of sensory 
appreciation is somewhat uncertain. There is no doubt that the post- 
central convolution is concerned in the appreciation of the posture 
and passive movements of the opposite half of the body, parts of 
which are represented there in a manner similar to their representa. 
tion for purposes of motibly in the precentral convolution (sec p. 2). 

It is probable that the greater part of the parietal lobe behind the 
post -central convolution is also concerne<l in sensibility, but whether 
the sensory cortex e.vteDds in front of the fissure of Ilolando is 
doubtful. 

One striking feature of a lesion of the sensory corte.v is tlie extreme / 
variability of the patient’s response to sensory stimuli and the diflt- 
culty or impoaaibihty of obtaining a threshold. The appreciation 
of posture and of passive movement is frequently seriously imfiaired, 
together with the appreciation of light touch and its accurate 
localization and the discrimination of the duality of two compass- 
points. The appreciation of size, shape, form, roughness, and 
texture often suffers The qualitative element in pain, heat, and cold 
IS still recognized, but in dealing with thermal stinuili in the middle 
of the scale the patient may find it difticult to say w hich of two ii the 
hotter 
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4. THE REFLEXES 
General Considerations 

A reflex is the simplest form of inroluntary response to a stimulus. 
The anatomical basis of a reflex is the reflex ore, wJjich consists of 
(1) a receptor organ, (2) an afferent path running from the periphery 
to the brain-stem or spinal cord, (3) one or more intercalated neurones 
in the central nervous system Jinking the afferent path to (4) tJie 
efferent path ^\hicl^ leaves the neuraxis by the lotrer motor neurones 
to reach (5) the effector organ. The reflex is elicited by a stimulus 
%vhich may be a touch, a prick, the sudden stretching of a muscle, 
or some other event which excites an afferent impulse on the reflex 
arc. The response is a muscular contraction, a modification in 
muscle tone, glandular secretion, &.c , depending upon the nature of 
the reflex Important though visceral reflexes are, the neurologist 
investigating the state of the nervous system is mainly concerned 
with reflexes which excite responses in the somatic musculature. 

Reflex action was first observed by Stephen Hales in a pithed frog 
about 1730. The conception was claboratcil by Robert Wliytt in 
1755, and later by Marsliall Hall in 1833. 

A reflex is fundamentally dependent upon the integrity of its 
reflex arc. Lesions uhich interrupt tJiis arc at any point cause aboli- 
tion of the reflex. Ixiss of a reflex may thus be brought about by 
interruption of the afferent path by a lesion involving the first sen- 
sory neurone m the peripheral nerves, plexuses, spinal nerves, or 
posterior roots, by damage to the central paths of the are in the brain- 
stem or spinal cord, or by lesions of tlio lower motor neurone at any 
point between the anterior horn cells and the muscles, or of the 
muscles themselves. The strength of a reflex muscular contraction 
is influenced' by the state of the antagonistic muscles. If these 
are weak the contraction of the prune movers is enhanced. If the 
antagonists are in tonic contraction, as, for example, in Parkinsonism, 
the amplitude of the movement normally effected by the prime 
movers is restricted. 

A painful lesion tends to increase the vigour of the reflex activity 
of neighbouring muscles, probably because the incoming stream of 
painfuV inereases. U\e excita-biUty <i€ tUe eorrefepowling seg- 

ments of the spinal cord. Somwhat similarly, one reflex may exert 
cither a reinforcing or an inhibitory effect on another. For example, 
the flexor withdrawal reflex in the louver limbs in paraplegia tends 
to inhibit the knee- and ankJe-jerks Higher levels of the nervous^ 
sj’stem also exert important reinforcing and inhibitory influences 
upon reflex activities, examples of wliich Avill be encountered later. 
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ReFLEIZS I^■\■OLrI^O THE ClUXlAL NER\-ES 

(i) The Pupillary Eejiexee are described on p. 80. 

(ii) The Corneal Etfex. The stimuliis ^hich evokes the comeal 
reflex is a light touch upon the cornea, e.g. with a wisp of cotton- 
wool, and the response is bUatcral blinking. The afferent patli is 
through the first ^vision of the fifth cranial nerve; the central path 
consists of fibres uniting the spinal oacieus of the fifth nerve with 
both facial nuclei, and the efferent path passes through the facial 
nerves to both orbicuUrea ocuU muscles A lesion involving the fifth 
nerve or its spinal nucleus, since it interruptstheafferent path, canses 
bilateral loss of blinking in response to stimulation of the cornea on 
the side of the lesion A lesion involving the nucleus or fibres of the 
seventh nerve interrupts the efferent path and hence causes loss 
of the reflex on the side of the lesion only, and blinking occurs on the 
opposite side. Loss of the comeal reflex is often an early sign of ft 
lesion of the fifth nerve and may occur before any cutaneous anaes- 
tbesia. can be detected. Apart Ccom lesions Involving the reflex arc, 
the corneal reflex is lost in states of deep coma, and sometimes also 
in hysteria 

(ui) The Jatr Jerk. In cespoase to a tap upon the chin, depressing 
the lower jaw, there is a bilateral contraction of the elevators of the 
jaw. Both afferent and efferent paths pass through the trigeminal 
nerve This reflex is physiologically alh'ed to the tendon reflexes, and, 
like these, becomes exaggerated as a result of bQateral p^Tamidal 
lesems 

(iv) The Sueltny Reflex In the infa nt the contact of an object 

with the bps evokes the movements of the lips, tongue, and jaw 
concerned in sacking. This sucking reflex is lost after infancy but 
may reappear in states of severe cerebral degeneration, for example, 
the presenile and senile dementias. ^ * 

(v) The Palatal Reflex. The palatal reflex consists of elevation of 
the soft palate m response to a touch. The afferent path is bv the 
second division of the fifth nerve; the efferent by the vagus. The 
palatal reflex is variable in intensity in normal individual, and is 
sometimes absent in hysteria. It is abolished by lesions causing 
anaesthesia of the palate and by lesions of the vagus nuclei, and in 
lesions of one vagus nerve the response is unilateral and the uvula is 
displaced toirards the normal ride. 

(vi) The Pharyngeal Reflex. The pharyngeal reflex consists of 
constriction of the pfiarjmx in response to a touch upon the posterior 
pharyngeal wall. Its affeient path tuns in the glossopharjmpeal 
nerve, its efferent path in the vagus. Like the palatal reflex, it is 
abolished by lesions causing pbaiyngeal anaesthesia and by lesions 
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of the vngtjs nuclei, and is sometimes absent in Jjysteria. In cases of 
unilateral paralysis of the vagus the response is confined to the 
opposite half of the pharynx. 

Reflexes op the Limbs and Trunk 
(1) The Tendon Reflexes. 

A so-called ‘tendon reflex’ is a sharp muscular contraction evoked 
by suddenly stretching the muscle. The sudden stretch may bo 
brought about by tapping the tendon, or bi' suddenly displacing the 
segment of a limb into uhich the muscle is inserted. The response, 
a muscular contraction, is most evident in the mtisclo stretched, but 
may not be confined to this muscle. A tendon reflex is diminished 
or aboliahctl by a lc.sion interrupting eitiier the afferent, central, or 
efferent paths of the reflex arc. Higher levels of the nervous sJ^stem 
also influence the excitability of the tendon refle.xes. This Is enhanced 
by anxiety and by lesions of the pyramidal tracts. It is diminished 
b}’ neural shock and by increased intracranial pressure. They may 
bo congenitnlly absent. The following table gives the principal 
tendon rcncxe.s, their mode of elicitation and their innersTition. 


lifJttX 

Modi of 
tUeunUoti 

IttspoM* 

Spinal 

Peripheral 

1 nerve 

BicApa jerk 

1 A blow upoD the 
biceps (cn<lon | 

Flexion of tlx* 
elbow 

j CerMcal 5-6 

j Musculo- 
' ciKoneous 

Triceps jerk 

A blow upon the 
triceps tendon | 

Cstcnsion of 
the elliow 

Cervical B-7 

Musculo- 

spiral 

Siipiiuttor jerk 
or Rndml rc- i 
flex 1 

A blow upon Ibo ! 
1 styloid process 

1 of the radius 

Flexion of tlio 
elbow 

Cemcal 5-6 

; Musculo- 

I\iiee jerk 1 

i A blow upon the 
qundneeps ten- 

Extension of ' 
tlio knee | 

1 

Liunbar 2-4 1 

j 

Anterior 

Ankle jerk 

A blo^< upon tbo ■ 
tendo AchiHis i 

i Plantar flexion ; 
1 of the ankle ^ 

Sacral 1-2 j 

Sciatic 


Clonus, a rhythmical series of contractions in response to the 
maintenance of tension in a mosete, is often elicifable ^rlieri the ten- 
don reflexes are exaggerated after a pyramidal lesion. Clonus of the 
quadriceps, patellar clonus, is best elicited by a sudden sharp down- 
ward displacement of the patella.. Ankle clonus is obtained by 
sharply dorsiflexing the ankle. Clonus of the flexors of the fingers 
can sometimes be obtained in response to stretching these muscles by 
extending the fingers 
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(2) Cutaaeous Reflexes. 

(i) The Abdominal Rejlexca. 

These are cutaneous reflexes consisting of a bri«lc contraction of a 
segment of the abdominal n-all in response to a cutaneous stimulus, 
such as a light scratch with a pm. It is convenient to elicit them at 
three levels on each side, just below the costal margin, at the level 
of the umbilicus, and at the level of the Iliac fossa The response is 
mainlv segmental, bemg maximal at the level of the stimulus. Al- 
though the abdominal reflexes probably utilize a short spinal reflex 
arc they are normally dependent, for a reason which is not fully 
undeistooil, upon the integrity of the pyramidal tract, Hcnre a 
pyramidal lesion is usually a^eiated with diminution or loss of the 
abdonunal reflexes ux>on the same side. In the c-isc of a slight 
degree of pyramidal defect the reflexes may be nxluce^l in vigour hut 
not completely abolished. In such cases the reflexes of the lowest 
segments suffer most. Abdominal reflexes which have at one time 
been lost may return later, altbougb the pyramidal lesion persists. 
The lo-M of the abdominal reflexes is not always pTopoitional to the 
seventy of the pyramidal lesion. In (lI'*.«cniiDat(^ sclerosis, for ex- 
ample, the abdominal reflexes may be lo«t early, at a stage of the 
disease when other signs of pyramidal lesions are slight. In con- 
gemtal diplegia, on the other band, the abdominal reflexes are 
usually brisk 

The reflex arcs of the abdominal reflexes arc localized in the spinal 
cord from the seventh to the twelfth dorsal segments. Lesions in- 
lolving the arcs themselves may produce diminution or loss of the 
reflexes The commonest such lesion is damage to the lower niotof 
neurone by acute anterior poliomyelitis. Little important 'can be 
attached to diimnution of the abdoiuina! reflexes in stout people, 
after repeated pregnancies, and after middle life. 

tu) The Cremaeterie Rejl^x. 

The cremasteric reflex is a cutaneous reflex closely related to the 
abdominal reflexes The appropriate stimulus is a light scratch along 
the inner aspect of the upper part of the thigh, and the response 
IS a contraction of the cremaster muscle, with elevation of the 
testicle Tlus reflex, the arc of which runs through the firnt 
lumbar spinal segment, is diminished or abolisheil by a lesion 
of the psTamidal tract It is usually extremely brisk in children. 
It) whom it may sometimes be elicited by a stimulus ajjplied to 
any part of the lower limb It is usnaDy absent in a patient with 
varicocele , 
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(ill) ThtGlxiifal Rcjlej:. 

Tho gluteal reflex is physiologically akin to the abdominal reflexes. 
A scratch on the buttock evokes contraction of the glutei. The spinal 
segments coriccrned are lumbar 4 luitl 5 

(iv) Tht Plantar Jlejlex. 

Tlio plantar reflex is one of the most important of all reflexes to 
tho neurologist, because its meaning is uncqiiiv'ocal. 

The E/eror Plantar Jtfjlex. The flexor plantar reflex is normal after 
the first year of life. The stimulus which evokes it is a scratch upon 
the sole of tho foot, and the response is plantar flexion of the toes 
usually associated n ith dorsiflexion of the foot at tho ankle, contrac- 
tion of the tensor fasciae femoris muscle, an<l other variable muscular 
contractions. Its significance is obscure, but it appears to be a spinal 
segmental reflex mediated by the first sacral segment of the cord and 
akin to the abdominal reflexes. 

The Extensor Plantar Jiejlex. Babinski in 1800 first pointed out 
that in the presence of a pyramidal lesion the normal flexor plantar 
reflex did not occur, but its place was taken by an upward, extensor 
movement of the groat toe Further investigation by Riddoeh, 
Walshe, and others has shown that the extensor plantar reflex is not 
an isolated phenomenon, but is part of a general reflex flexion of tho 
whole lower limb, homologous with the flexion reflex of tho spinal 
animal in response to a nocuous or potentially painful Btimulus. Tho 
afferent focus, i c tho region of easiest elicitation of this reflex, is the 
outer border of the solo. The motor focus, or minimal response, is a 
contraction of the inner hamstring muscles. In its fully developed 
form the reflex consists of flexion at all joints of the lower limb with 
dorsiflexion of the great too and alxluction or fanning of tho other 
toes. 

Confusion has arisen from the application of the term extensor 
plantar reflex to a movement which forms part of a flexor reflex of 
the lower limb. The explanation of this misnomer ia that the ex- 
tensor longus Jiallucis uiuscJe, though named extensor by the anato- 
mists, ia in fact a flexor muscle, since its action is to shorten the limb, 
and it contracts reflexly in association with other flexor muscles. 
Tlio term extensor plantar reflex, however, appears to be too firmly 
established to be altered. ‘Positive Babinski reflex’ and ‘upgoing 
toe’ are alternative terms which are sometimes employed. 

Physiological uiulerstanding flluminatcs several points of practical 
importance in theclicitationoftlieplantarrcflex. The stimulus should 
always be applied to tho outer b^cr of tho sole. Since this is the 
afferent focus of the reflex arc, an extensor response may sometimes 
be obtained from this region when the inner border of tJie sole yields 
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a flexor response. T5\e reflex may be mote easily obtained after the 
limb has been passively flexed than irheti it is lying fully extended. 
Oppenheim’s reflex, dorsiflexion of the great toe, evoked by firm 
movmg pressure on the skin over the tibia, is physiologically the same 
as Babinski’s reflex, tUflTering only in the site of the stimulus. 

An extensor plantar reflex is often observed during sleep and 
deep coma from any cause, after epileptic fits, and usually in the 
first year of life, that is, when the pyramidal fibres are either 
functionally depressed or incompletely developeil- In any other 
circumstances it indicates an organic lesion of the pjTamidal tract. 

(v) Xocieeplite Stjiexia of the Upper Limb. 

Riddoch and Buzzard have demonstrated in the upj>cr limb noci- 
ceptive reflexes which appear to be homologous with the flexor with- 
drawal reflex of the lower limb. These may be either flexor or exten- 
sor, the former being commoner in hemiplegia and the latter in 
qoadriplegia The area from which these reflexes are elicitahle eom- 
pnses the palmar snirface of the fingers, thelnner aspect of the forearm 
and arm, the walla of the axiUa, and the upper part of the chext. The 
flexor reflex, of which the focus Is the palm of the band, consists of 
abduction and e.xtemal rotation at the shoulder, and flexion at the 
elbow, wnst, and finger-jointa. The extensor reflex, rao^t easily 
elicited from the axillarj’ walls, is composetl of elevfltion, retraction, 
adduction, and internal rotation at the ehoutder, extension nt the 
elbow, pronation of the forearm, flexion of the wrist, and hyjx'p. 
extension and adduction of the fingers. These reflexes, like others of 
a nociceptive character, are elicited by painful stimuli such os 
scratching, pnekmg, or pinching. 

(vi) The Btilbo-caiemoaiia Sefiex. 

The bulbo-cavcmosus reflex consists of contraction of the bulbo- 
cavernosas muscle, which can be detected by palpation, in response 
to squeezmg the glans penis. The spinal segments concerned are 
sacra! 2, 3, and 4. This reflex is frequently abolished in tabes and in 
lesions of tbe cauda equina. 

(vii) The Anal Rejiex 

The anal reflex consists of contraction of tiie external sphincter ani 
in response to a scratch upon tbe skin in the perianal region. The 
spinal segments concerned are sacral 4 and 5. ^ 

(3) Postural Reflexes. 

‘ Postural reflexes ’ is a convciuent terra to apply to reflexes in which 
the response consists not of a brief muscular contraction but of a 
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sustained modification in tho posture of one or more segments of the 
body. 

Tonic Neck Reflexes. In the decerebrate animal it was found by 
Magnus and de Kleijn that changes in the position ofthe head relative 
to the body caused reflex modifications of the tonus and posture of the 
limbs. These reflexes, uhich are excited from the proprioceptors of 
the cervical spine, are knoivn »3 ionic neck reflexes and may sometimes 
be observed in hemiplegia. Rotation or lateral flexion of the head 
towards the paralysed side causes extension or increased extensor 
tonus of the paralysed limbs ; rotation or lateral flexion to tho normal 
side increases their flexor tonus. Tho tonic neck reflexes are often 
facihtated if the patient grasps the observer’s hand firmly with his 
normal hand. 

Tonic Labyrinthine Reflexes. Similarly changes in the tone of the 
limb muscles may bo excited from tho labyrinthine proprioceptors by 
changes of the position of the patient in space, but these are of in- 
sufficient importance to be describe<l in detail 

Associated Reactions, or associated movements, are automatic 
modifications of tho posture of parts of the body when vigorous 
voluntary or reflex movement of some other part occurs. They 
are best observed in the paralysed upper limb in hemiplegia, though 
they may also occur in the trunk and lower limb. Following a 
ngorous grasping movement uith the sound hand thero is usually 
an increase of tone in the muscles of the paralysed limbs which pre- 
dominates in the flexors of the upper and the extensors of the lower 
limb. Tho result is a alow flexor excursion of the poral5’sed forearm, 
wist, and fingers, uith abduction, adduction, or elevation of the 
shoulder, the resulting new posture being maintained until the grasp 
IS relaxed. Other patterns ofassociated movement occur. Such semi- 
voluntary activities as yawning, etretefamg, and coughing often 
evoke associated movements in the jwralysed limbs in hemiplegia, 
and may arouse in the patient or his friends false hopes of recovery. 

The Quadrupedal Fa-ferworReyier of the upper limb is an associated 
movement of extension of the flexed upper limb in hemiplegia or 
diplegia, vhich may sometimes be evoked by causing the patient, 
•nhen standing or kneeling, to lean forward and throw his weiglit on 
to the observer’s supporting hand placed beneath his chest. 

(4) Forced grasping and Groping. 

The Orasp Reflex of the Hand. In certain patients the contact of 
an object with the palmar surface of the fingers, especially the region 
between the thumb and the index finger, causes reflex flexion ofthe 
fingers and thumb so that the himd involuntarily grasps the object 
The patient is unable voluntarily to relax bis grasp, and efforts to 
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pull the object away only in an incrca.<c in its strength. Often 
he notices that when he is holtling an object he is unable to relin<ju5‘‘h 
his hold ofit in onler to put it down. Tliis phenomenon is htiown as 
forcetl grasping, or the gni'p reflex. In some cases, when the patient's 
eyes are closcfl, if the julmar surface of the iiatid or fingers is hglitly 
touched, the hand and ami move towards tljc stimulus and in thU 
way may be drawn in an^- direction — forceil groin’ng. £vcn an o!»ject 
pregentwl to vision may be groped foe, but this cannot bo refl«-t, but 
IS a phenomenon of a higher order. 

Forced grasping and groping, w Iilch have been considered a regres- 
sion to the infantile stage of the function of grasping, usually indi- 
cate a lesion involving the upper part of the medial aspect of the 
opposite frontal lobe. Tlio commonest cntises are neoplasms and 
vascular lesions In rare cases the cause has been a tumour in some 
other part of the brain, but in such instances tlie functions of the 
frontal lobe have probably been impaired by incre.i'csl intratraniil 
pres.sure A unilateral grasp reflex in a fully conscious jvitlent is of 
localunng value. When the reflex is bilatcml or the patient semi- 
conscious its value is much leas. Wlien the causative Ic'ion pro<hice8 
a progressive hemiplegia, the grasp reHe.x dis-ippcnrs when piralwia 
becomes complete, winch appears to indicate that it utilirea the 
pjTanudal tract as part of its motor pith. 

TAe Crtwp of (/« Fool. An alUed grasp tcllet may sometimes 

bo observed in the foot, light pressure or aslroking movement npphcil 
to the distal half of the sole and plantar surface of the toes evoking 
tome flexion and adduction of the toes without other associated 
movements lake the fingers, the toes may grasp and hold an object. 
This reflex is present in the normal infant up to the end of the first 
year, and in 50 per cent, of ^fongolbn imbeciles. It may occ^ir also, 
either with or without the hand.gmsp reflex, in patients with lesions 
of the upper part of the medial aspect of the opposite frontal lobe. 

(5) Other Reflexes and Reactions. 

ila^tr's Rtfiex. Mayer has described a reflex which is present in 
normal persons but disappears after s pyTamidal lesion. IFith tlio 
hand aupinated, passive tlexiem of the fingers at the inet.acaq«. 
phalangeal jomts evokes adduction and opposition of the thumb 
with flexion at its metaearpo-pbalangeal anil extension at Its inter- 
phaiangeal joint. Hxaggeration of Jlajer’s reflex has been observed 
m menmgitis and in cases of intracranial tumour giving rise to a 
grasp reflex. 

WartenUrg'a Sign If a normal mdividua! is made to Ilex the 
terminal phalanges of his fingers against the resistance offered by the 
observer’s fingers similarly flexed, his thumb remains abducted and 
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cxtcndtHl. Following a p^iamidal lesion, however, the thumb be- 
comes strongly (uldiicted and flexed. This sign is a useful indication 
in the upper limb of a sDght pyramidal lesion. Jn hemiparesis the 
contrast between posture of the thumb on the affected and on the 
normal side tnay bo .striking. 

Iloffmayin'sJieJlej. Tbepalient’shandispronated and the observer 
praops the terminal phalanx of tho middle finger between his fore- 
finger and thumb. With n sharp flick the phalanx is passively fle.Ted 
and suddenly releases!. A i»siiive««ponso conaiats of a sharp Untch 
of adduction and flexion of the thumb and flexion of the fingers. This 
reflex is probably an index of muscular hjijortonia rather than of a 
p^VTamida! lesion ns such It is not nlways positii'o in the presence 
of such a lesion, and maj* be clieitabic in a nervous individual with 
no organic di3ca«e. 

Jiosiolimo's Itejlex, in which a blow on tho ball of tho foot with a 
patellar hammer elicits flexion of tho toes, and tho Bechlerew-Mendel 
Itejtex, in which the same response follows a tap on tho cuboid bone, 
arc sometimes present In cases of a p>Taiuidal lesion, but should not 
bo regarded as pathognomonic of this. Probably HolTmann's, Rosso- 
limo’a, and tho Beelitorcw-Mendc! reflex are all reflex muscular 
eontpnetions evoked by sudden stretching. In states of muscular 
hyjiertonia this response may spread beyond the muscles stretched, 
ns w lion a tap on tho styloid process of the radius elicits a contraction 
not only of tho supinator longus, but also of the long flexors of the 
fingers. 
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5 THE CEREnELLUir 
Anatojit and Jlonniouiov 

The eertbeUtim is situatctl in the posterior fos.'^v of the sknll and is 
joined to the hram-stem by three peduncles, the superior, middle, and 
inferior Above is the tentorium cerebelli and beloir it is sep-trated 
from the posterior aspect of the roedulla and the dum mater cover, 
mg the occipito-aUantal ligament by & dilatation of the auhameb. 
noid apace, the cistema magna. To the nakcsl eye It i» compf>««l of 
three main dinsion-s, tiro laterallobee and a median lobe, the vermis, 
but tbb is not a morphological division. 

Phylogeny and experimental physiology provide a sounder lituib 
for morphology According to Lar«ell (IJW?) and Fulton and Dow 
<lOST-8) the cerebellum has two primary divi«vons; (!) the ilocculo* 
nodular lobe, the most primitive part, trith conuexions which an? 
entirelj vestibular, and (2) the corpus cerebelli, itself tlividwl into 
(i) a palaeocerebellar division, receiving vestibular and spino- 
cerebellar fibres, and composed anteriorly of lingula, centralis, and 
culmen, and poatenorly of pyramis, uvula, and pataflocculi, and (ii) 
a neoccrebellar division, constituting the greater part of the corpus 
cerebelh, mth connexions mainly cortico-pontino. 

The cerebellum consists mainly of white matter which is covered 
irith a thin layer of grey matter, the cerebellar cortex, and contains 
several grey masses, thenaclei. These are divided into lateral nuclei, 
the nuclei dentatus and emboliformis, and middle and roof nuclei, 
the nuclei globosus and fastigii. 

MicroscopicaUy the cortex consists of three principal layers of cells, 
the molecular layer, which lies most superficially, the granular la^-or, 
which 13 the deepest, and the layer of Purfcinje cells, which lies between 
the two In the three cortical layers are numerous fibres, impulses from 

which pTQbablyuUimatelyimpingeapontbedcndrit^ofthepHrkmje 

cells The axones of the latter pass through the white matter of the 
cerebellar hemispheres and aredistributedcluefij'to thedeatatenuelei. 
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Ckrehkixar CoKNfa:ioNS 

Afferent Fibres. 

The cerebellum reeoives numerous afferent fibres ^Incli are prin- 
cipally dcrivctl from the proprioceptor organs of the bod^’, namely: 

(1) Vesfibuhr fibrtg. These i\re derived from tho labyrinth and 
enter the cerebellum b}’ tho inferior peduncles, some being interrupted 
at tho vestibular nuclei These go mostly to tho cortex of the vermis. 

(2) Spinal Fibres. These como from proprioceptors of tho muscles 
and jwssibly also from the joints and tendons. They reach tho 
cerebellum by the dorsal epino-ecrebellar tract, >rhich ascends in the 
IKwterior part of tho lateral column of the spinal cord and enters 
tho cerebellum b}’ tho inferior peduncle, and by the ventral spino- 
cerebellar tract, which passes up the cord in tho antero-latcral column, 
ascends as high ns tho midbram, and turns backwards to tlio cere- 
bellum through the superior |»oduncle. Tho dorsal spino.ccrcbcllar 
tract probably receives a contribution from the trigeminal nervo. 
Fibres from tho splno-cerebellar tracts end throughout tho cerebellar 
cortex. 

(3) Cortical Fibres. Impulses reach the cerebellum from tlio cere- 
bral cortex by \\ay of tho cortico-spmal tracts Mith a relay station 
in tho nuclei of tlio pons, uhenco fibres jmss to tho ecrebellnm by the 
middle peduncle. They arc distributed mainly to tlic middle lobes. 

(4) O/i'mry Fibres. The inferior olive, which receives spinal and 
thalamic connexions, is intimately rclatcti to the opposite cerobellar 
hemisphere, to Mhich it sends fibres through the opposite inferior 
peduncle. Atrophy of one ccrcWlar hemisphere is usually us?ociate<l 
with atrophy of tho opjM^sito olive. 

Most afferent fibres nro distributeil to the cerebellar cortex 

Efferent Fibres. 

Efferent fibres take origin in the cerebellar nuclei and leave the 
cerebellum by all three peduncles. Tho most important outgoing 
path from tho cerebellum passes from the dentate nucleus and from 
nuclei emboliforrais and globosus through tho superior peduncle and 
after decu.ssation is distributed to the opi> 08 ito red nucleus From 
the red nuefeus arises tho rnbro-spuiaf tract wiiich deettssafes in tho 
decussation of Forel and passes down through the brain-stem to the 
lateral column of the spinal cord. This is probably the principal 
route by which tho cerebellum influences the lower motor neurone. 
Each cerebellar hemisphere is thus linked principally with the same 
side of the body by means of a doable decussation in the midbrain. 
Other fibres from tlie red nucleus through the ansa lenticularis reach 
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the optic thaUmu‘» ami may thus bring the cerebellum into relatlon- 

ghip with the Imsal ganglia nn«l the mcbral cortex. 

Other eercbellar cfTercnl fibres reach the reticular formation of the 
mnlbmin, the pon'*, and the rnnluUa In' all three pciiunclea. 

The rr.vcTioss of the CEREBEixm 

Our earliest knowledge of the functions of the cerebellum w as haseil 
upon Rolamlo'a observations of the effects of removal of this organ 
m 1S09 His observations were extended bj- riourcns in 1824. 
Luciani, in 1879, Rummaruwl the s^-mptoms of cerebellar deficiency 
os asthenia, ntoni.a, and astasia, that K wejvkness and fatiguabilUy, 
diminution of tone, and tremor and a staggering gait. Recent e.xperi> 
raents Jiavc jnclded more prcct.e information concerning cerebellar 
functions itademaker dcscribe<l extensor hv'jwrtoiiia in the limbs 
after removal of the whole cert'bellum and Sherrington found that 
cerebellar stimulation could inhibit decerebrate rigidity. Denny. 
Brown, Eccles, and Liddell by stunuLsIing the cerehcllar cortex 
imiiosed mofiificatioos upon pre-existing spinal reflexes and observed 
inhibition and excitation of both extensor and flexor muscles, and 
Miller and Ranting made similar observations in stimulating the 
ct'rcboll.ir nuclei Tliese phyHologicsil obH'rv'ati'ons, together with 
ehntcnl investigation of the effects of cerebellar lesions by Holmes 
ami others, li-avc estnbluhed the view that the cerebellum N cs»cn. 
t tally a reinforcing and co-onJinating organ which plays an important 
]wirt in graduating and harmonizing nntscubr contraction, both in 
voluntary movement and m the mamtcnance of posture, 

SvMPTojts or Cerebellar I)E^C!E^cv is Mas 

The following ore the principal effects of cerel)clLirIe«ions in man: 

(1) Muscular 11)7010013. 

H) 7 )otonia is evident in the visible, palpable flaccidity of the 
muscles, in a duiiinishcd ret-istanev to passive movements of the 
joints, and in the wide excursions occurring at the terminal joints 
w hen the limh is vigorously shaken. If the outstretched up^ier limb 
receives a sudden tap, it shows agreatcrduplaccmcnt than a normal 
limb When the lesion is confined to one tercbebar hemisphere the 
hypotonia U present only on the same aide of the bodv. 

(2) Disturbances of Posture. 

Al/nomal AltiluAfs. Following o unilateral cerebellar lesion the 
ahouldcr on the affccteil aide is often held at a lowtT level than the 
normal ahoulder and there may be scoliosis with the concavity f owanls 
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the Bide of the Iwiou. Ii\ standing the weight is thrown on the sound 
leg and tho IkxIj* is somewhat rotated, with the afTected shoulder in 
advance of the sound one. In severo cases the patient is unable to 
stand without support and tends to fall towards the side of the lesion. 
When a le.sion involvc.s one cerebellar hemisphere the head is often 
rotatetl and Hexed, so that the occiput is directed towards the 
shoulder on tho side of tho Icvsion This rotatcil posture may be duo 
either to cerebellar deficieney or to a coincident lesion of tho vesti- 
bular tracts. 

Stnlic Tremor. Tremor develoi« if the [lationt attempts to main- 
tain a limb in a fixcti pasture, probably owing to hypotonia of tho 
agonists jiroducing an irregular contraction of the muscles maintain- 
ing the attitude. 

(3) Disorders of Movement. 

Several factors combine to produce disturbances of voluntary 
movement after a lesion of the cerebellum. Muscular contractions 
are weak and more easily fntigmsl than normally. Moreover, they 
are of an irregular, intermittent character, and there is delay botii 
in initiating and in relaxing contractions. 

I>ij$mclria occurs, tho range of the movement being inappropriate 
to its objective. Sometimes the harmonious synthesis of movemonts 
at dilTcrcnt joints is lost, leading to the phenomenon known ns 
•decomposition of movementa’. When a movement involves the 
whole arm. instead of its occurring to on appropriate extent at all 
Joints simultaneously, one joint U moved licfore another. 

Tremor occurs on voluntary movement, owing partly to faulty 
fixation and partly to the factors rc^pon.'iible for static tremor. Fine 
movements, for exaiiiplo movements of tho fingers, suffer esjiccially 
from inco-onlination due to cerebellar deficiency, and the patient 
may find it impossible to button his clothes. 

Adiadolx>ki»esi^ is the term applied to an inabilitj* to carry out 
alternating movements Avith rapidity and regularity. For example, 
the patient is asked alternately to pronato and supinato his fore- 
arms or to flex and extend his lingers. After a unilateral cerebellar 
lesion alternating movements arc accomplished blow ly and in a jerky, 
inco-onlinate fashion on the aflcctetl side. 

The liebound Phenomenon is a disturbance of movement probably 
due to muscular liypotonia. If a nonnal individual is asked to fle.x 
his elbow- against resistance offered by the observer and liis forearm is 
suddenly released, its excursion in the direction of flexion is quickly 
arrested by contraction of the triceps. Cerebellar deficiency delays 
this contraction, with the result that flexion of the elbow is unchecked 
and the patient may hit himself in the face 
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Associated Movements. After a lesion of the cerebellum the normal 
associated movements which occur on strong voluntary effort n\ay 
be exaggerated. Vigorous grimaces may accompany speech after 
a lesion of the cerebellax vernus. 

(4) Ocular Disturbances. 

In the early stages of a unilateral cerebellar legion there may be 
weakness of conjugate ocular deviation to the affected side, but this 
soon passes off. In cases of severe bilateral lesions, or if the vermis 
is affected, there may be a temporary impairment of conjugate move- 
ment in the vertical plane also. 

‘Skew deviation’ of the eyes is occaaonally observed for a few 
days after an acute cerebellar lesion. The eye on the affected side is 
deviated downwards and inwards, while the opposite eye is deviated 
outwards and upwards. This may be due either to cerebellar de- 
ficiency or to interference with the veslibnlar connexions elsewhere. 

Xj*stagrau3 is usually present in cerebellar disease. It is most 
evident when the eyes arc deviated horizontally. The slcov phase 
consists of a deviation towards the point of central fixation and the 
quick phase of a sharp jerk of return to the original position. In the 
case of unilateral cerebellar lesions the amphtude of the nystagmus 
la gttalet and its rate slower when the eyes are deviated towards the 
side of the lesion than when they are displaced to the opjtoslte side. 
Nystagmus is usually in the bonzonial plane, but there « occasionally 
a rotatory* element also. Nystagmus on vertical deviation is incon- 
spicuous For a further disenssioD of nystagmus see p. '(4. 

(5) Disorders of Articulation and Phonation. 

Disturbances of articulation and pbonation are more likely to 
occur when a lesion involves the vermis than when it is confin^ to 
one lateral lobe. Articulation is jerky and explosive. The voice is 
often too loud, and the syllables tend to be separated from each other. 
At the same time individual syllables are slurred owing to defective 
formation of consonants. Considerable recovery of speech usually 
occurs m the case of unilateral lesions. 

(C) Disorders of Galt. 

The patient with a unilateral lesion tends to stagger towards the 
affected side and to deviate to this side in walking. This may* be 
well demonstrated by asking him to walk round a chair. \\'ben he is 
turning towards the affected fflde be tends to fall into the chair, 
when to the normal side, to move sway from the chair in a spiral. 
The affected lower limb is markedly ataxic. tMth lesions of the 
vermis the patient tends to fell backwards, and walking may be 
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impossible unless ho is supported on both sides, in spite of good 
co-ordination of movements of the lower limbs when he lies in bed. 

(7) Abnormalities of the Reflexes- 

The cutaneous reflexes are unaffected by lesions of the cerebellum. 
The tendon reflexes, however, often exhibit a characteristic change, 
uhich is best seen in tfie 'pendular' knee-jerk. Tiio knee-jerk is 
followed by a series of oscillations of tho leg, which are normally 
prevented by the after-shortening of the quadriceps 
(S) BSrdny’s Pointing Test. 

The patient, with his eyes closed and one arm outstretched, is 
asked to move the limb in a given plane and bring his finger back to 
its original position. Deviation of the limb occurs after a unilateral 
cerebellar lesion and is most conspicuous when tho movement takes 
place in tho vertical plane, tho arm deviating outwards on tho side 
of the lesion. 

Localization in the Cerebellum 
Some workers have claimed that there h a considerable localiza- 
tion of parts of the body in circumscribed areas of the cerebellum. 
The evidence for this is at present inconclusive. Movements and 
postures of the axis of tbe bo<ly, including articulation, standiflg and 
walking, appear to be represented predominantly in tho vermis, u bile 
isolated movements of tho Itmbsar© represented predominantly in the 
ipsilateral hemisphere. ^Hietherany more precise localization occurs 
is doubtful. 

Acute and CSmomc Lesions 

The symptoms of a cerebellar lesion differ markedly in seventy 
accorduig to whether it develops rapidly or slowly Most of our 
knowledge of the symptoms of cerebellar deficiency is based upon 
studies of acute lesions When the lesion is slowly progressive, such 
as a tumour, symptoms of cercbellaT deficiency are much less severe 
than when it is acute, and considerable recovery from the effects of 
an acute lesion can always bo anticipated. These facts seem to imply 
that other parts of the nervous system can to a considerable extent 
compensate for loss of cerebellar function. 
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0. THE nSUAL FTORHS AXD THE VISUAL FIELDS 
TitK VlSCAL Fielus 

Investlg.ttioR of the extent of the Helds of rifion and of the dejrrt’C 
of visual acuity tntliin tliero playv an important jvirt in the routine 
examination of patients stilTcring from nervous tliseifcs. ‘Peri* 
metry’ is the term applied to the mapping of the visual Helds. Tills 
may be earned out in the follovrmg ways: 

(1) ConfrontatlOQ Perimetry* 

Th» methotl is extremely rough and only gross defects of Ih® 
visual fields are likely to be detected by it. The observer stands 
opposite to the patient and about a yord stray from him. The pa tient 
18 instructed to cover one eye with his hand and to fi.v the gaze of hia 
other eye upon the oppo«ite eye of the observer. The observer then 
bnngs a test object, usually hLs finger, inwards'frnm beyond the 
periphery of his own visual field, midway between himself and tlie 
patient, who i3 asked to say when he first sees it. TlnV procedure is 
earned out above, below, and to either side and, if necessary, inter- 
mediately, and the observer is able to determine the extent of the 
patient's visual field relative to his own. Besides ascertaining the 
outer boundanes of the visual field by the method desen bed, the test 
objec-t should be made to travCTse the field in various directions and 
the patient should be asked to atate if it disappears from view and 
when it reappears. In this way a scotoma or an area of defectitc 
vision within the field may be detected. 

In young children and UDCO-operatIve patients a ficld'defect mav 
sometimes be detected by observing whether the patient notices an 
object brought in from the penpbmy in various directions, or n hether 
he bimks m response to a feint with the hand toirards the eye — the 
memice reflex. 
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(2) Mechanical Perimetry. 

There are a large number of perimeters in use by m liicli the visual 
fields can be tested and recorded. Tlie patient is made to gaze at 
a fixation point and the test object is tiieii moved in the arc of a 
circle towards the fixation point. The object is at a distance of from 
2.)0 to 330 mm. from the eye and is usually between 3 and 10 mm. 
in diameter. Tho visual acuity differs in different parts of the visual 
field. Although a moving object is readily jwreeived in tiie peripheral 
part, central vision for a stationary object is more acute than peri- 
pheral vision. Hence the smaller the test object the smaller the 
visual field in which it is perceptible. The seventy of tho test is 

, , , . , diameter of object 

indicated by the fraction diotance* • If o 3 mm. test object 

is used at a distance of 330 mm., this fraction is 3/330 Boundaries 
of the nonnal visual field for 3/330 are siUiate<l at about 00° up, 00° 
in, 75° down, and 100°, or a little more, out. Tho field for colours is 
smaller than tliat for w lute, that for blue and yellow being some* 
what larger than that for red and green 

(3) Perimetry by BJerrum’s Screen. 

A mechanical perimeter is a useful method for determining the 
boundaries of the visual fields. More refined methods, however, are 
often necessary for investigating the central portions. Bjerrum’s 
screen enables test objects of 1 and 2 mm to be used at a distance of 
2 metres — 1/2000 and 2/2000 In this way very slight defects of 
visual acuity may be detecletl and, since they are projected upon a 
large area, accurately mapjicil A depression of visual acuity in tlie 
centre of the field may not be demonstrable by tests such as reading 
types It IS for the detection of sucii defects that Bjerrum’s screen 
is of special value. Tlie normal field for a 1/2000 test object by this 
method extends to nearly 26° in all directions If a defect exists to 
1/2000 or 2/2000 objects, la^er objects should bo used until one is 
seen in the area of impaired vision 

The term ‘Iiemianopia’ indicates a loss of vision in half of the 
visual field When this is present in tho same half of both fields, for 
example both right halves, we speak of ‘homonymous Iiemianopia’. 
WTien tho field defect on one side is a mirror image of that on the 
other, the hcraianopia is said to be bitemporal or binasal, according 
to the halves affected A field defect Iimitetl to one quadrant is 
described as ‘quailrantic hcmianopia’ or ‘quatlraiitanopia’. Vlien 
homonymous field defects are capable of being accurately super- 
imposed one upon another, they are said to be congruous , when their 
corresponding boundaries differ, they are said to bo incongruous 
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CIa-<lyrelate<l disturbances of ritual function are — vkual inatten- 
tion, indicated by a failure to notice movement of an object such as 
the observer’s finger in one half field, especially ^^hen there is a 
competing stimulus in the opposite half field, and visual disorienta- 
tion, which is inability to localize objects seen, especially to estimate 
relative distance. 


The Path of the Visual Fibres 
From the Betina to the Primary Vi$ual Centres 
The Optic Nerves. 

The fibres of the optic nerve ate the axonea of the ganglion cells 
of the retma The macula is the region of mast acute vision, and 
ocular fixation is so regulated as to bring on to the macula the image 
of any object at n hicb we look. The macular fibres arc thus the most 
important part of the visual afferent system. In the retina these 
fibres run from the macula to the (empoml side of the optic disk or 
papilla Fibres from the upper and lower temporal quadrants of the 
texina. are displaced by the macnlaT fibres to the wppes and lower 
parts of the disk, and fibres firom the nasal quadrants occupy the 
nasal side. The Optic nerves pass backwards and imvanls tlirough 
the optic fora mina and terminate posteriorly at the optic chlosma. 

The Optic Cblasma. 

At the optic chiasma the two optic ne^cs unite and decussation of 
the fibr^ derived from the nasal halves of the retinae occurs (Fig. 7). 
The position of the cbiasma is a variable one and a^mes importance 
in relationship to the field defects produced by its compression 
by tumours in this region. It is usually situated a little behind the 
tuberculum sellae It is rarely a-s far forward as the sulcus chins- 
matis and is sometimes much farther back behind the dorsum scUae 
and is then related to the posterior part of the pituitary. Tlie 
relationship of the chiasma to the sella turcica, pitultarj* body, and 
infundibulum Ls thus variable. The most important of its other 
relatioiu are, above, the floor of the third ventricle and, lalernUy, 
the mtemal carotid artery. 

The decussating fibres from the nasal half of each retina Kspanii 
within the chiasma, those from the anterior part of the optic ueri'e 
passing inwards and forwards to form a loop, entering the base of tlie 
opposite optic nerve before passing backwards to the opposite optic 
tract, where they are join«l by the nasal fibres from the posterior 
part of the nerve which cross the chiasma more poUoriorly. The 
fibres from the temporal halves of the retinae do not dccuasatc, but 
are continued backwards on the same side in the optic tract. 
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The Optic Tract. 

Each optic tract is thus composed of fibres from the temporal lialf 
of the retina of the samo 
side and fronx tlic nasal 
half of the retina of the 
opposite aide. Within the 
tract the uJicnvssed fibred 
lie (lorao-latenill^* and tin) 
crossed fibres ventro-mesi- 
ally. Each optic tract 
aw eepsont w nnla anti Uick- 
wnnls between the cerebral 
peduncle and the gyms 
liipjKjcnmpi. and finally 
inwartls to tcrniinute In 
the superior corpus qiiad- 
rigemimim, the external 
genieiilato hotly, and the 
puUitiar of the optic ihn* 
lamus, hut cx{>crimental 
evidence throw sdouht up* 
on whetlier the l.nst struc- 
ttire plays any part cither 
in vision or in the optical 
reflexes. ThecxternalgenI* 
culatc body appears to re- 
ceive the fibres concerned 
in visual jicrception, and 
the Buiwrior corpus quad- 
rigeminum those destined 
to excite reflex activity- 
Besides the localization in 
a lateral piano already de- 
scribed, there is in thooptic 
nerves, chiasma, and tracts a considerable degree of localization of 
the ftVbTCsiw the , fibres from tliolauec luxlvea oC 

the retinae lying below, and those from the tipper halves nbovo. 



I'lO. 7 Diagnim of tls' Central ConnOMons 
of tlio Optic Nrrvo mid Oplic Tract. 

(Cuniiluiiliitm, Tezt bnol of Anatom!/) 


Visual Field Defects due to Lesims of the Optic iVcrecs, Chiasma, and 
, Tracts 

We are now in a position to apply flic anatomical facts just 
described to the interpretation of the visual field defects produced by 
lesions of tlio optic nerves, chiasma, and tracts. 
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(1) Lesions of the Optic Nerve. 

A lesion of one optic nerve prodnces a field defect limited to the 
same eye, smce it lies anterior to the chiasmal decussation. Tlie tj’pe 
of field defect produced varies according to the pathological nature 
of the lesion and is more fully discussed in a later chapter. In general, 
inflammatory and tompresrive lesions of the optic nerve are likely 
to lead to a central scotoma or to a sector defect of irregular shape, 
but m papilloedema due to increased intracranial pressure the 
characteristic field defect is an enlargement of tlie blind spot, to- 
gether irith a peripheral concentric constriction. 

(2) Lesions of the Chiasma. 

The commonest le-sions of the optic cbiasma are those due to pres- 
sure, either by tumours arising in the pituitary body or ftbos e the 
sella turcica, such as suprasellar cysts and meningiomas. In addi- 
tion the chiasma itself may be the site of a gUomatous tumour, or may 
be compTe«&«\ by&turaour arising in the third ventricle, by disten- 
sion of the third ventricle in hyilrocephalus, or by an intracranial 
aneurysm Ik may be involved in local chronic orachnoiditis, or in 
syphihtic meningitis, in demyetinating disorders such as dis- 
semmated sclerosis and neuromyebtis optica, and, rarely in vascular 
lesions and after bead mjury. 

IVhea the point of maximal pressure is in the middle lino the 
decussating fibres are first compressed, \rith the result that nt some 
stage in the development of tbe growth there is bitemporal heminno- 
pia, for, as t\e have seen, the decus'sating fibres are derived from the 
nasal halves of both retinae, and owing to the refractive effect of the 
optic lens the«e parts of the retinae receive images from the temporal 
halves of the visual fields. When pressure is exerted upon the 
chiasma from below, the fibres from the lower DO«al quadrants of 
the retinae are first affected. Hence the field defect begins in the 
upper temporal quadrants When the pressure comes from above, 
the reverse is the case. Tlus rather scheraatie evplauation mn«t now 
be qualified by the statement that pituitary and suprasellar tumours 
rarely exert a symmetrical pressure in the middle line. Hence the 
decussatmg fibres are usually involved on one .side before the other. 
Consequently, in the ca‘'eofpilijjtaiytuinour3, the field defect begins 
as a rule in the upper temporal quadrant on one side as an indenta- 
tion a hich may be associated with a jiaracentral scotoma with w Inch 
it subsequently fuses. It then spreads to the lower quadrant, while 
a similar change occurs a bttle later on the opposite sidt> (Rg. S). 
Further pressure leads to involvement of the nasal field of the eye first 
affected and at this stage there is blindness of one eye with temporal 
hemianopia of the other. Finallj the Temaining nasal field is lost. 
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Owing to the complicated paths of the fibres in the cliiasma and the 
liability of pressure to. involve also either the optic nerve or tract, 
many forms of visual field change are encountered. 



for example, in cases of ecvero atheroma of the internal carotid 
arteries. Since the non-deenssating fibres are affected the resulting 
field defect is bina«al liemianopia. 

The most characteristic feature of the visual field defects associated 
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vrith lesions of the chiasma is their asjTninetiy compared ^rith the 
more symmetrical character of the defects due to lesions of the optic 
tracts and radiation. 

(3) J-csions of the Optic Tract. 

Since the optic tracts are composed of fibres from the temporal 
half of the retina of the same side and the nasal half of the opposite 
retma, they carry impulses derircd from risual images of objects in 
the opposite half of the visual field. Lesions of one optic tract, there- 
fore, result in a crossed homonymous field defect which usually 
begins in one quadrant and rarely extends to a complete homony- 
mous hemianopia The defects in the two risual fields are not a.s a 
rule congruous, the visual field defect being usually slightly greater 
upon the side of the lesion than upon tho opposite side. A homony- 
mous field defect occurs in cases of pituitary tumour about half ns 
frequently as bitemporal hemianopia, and the optic tract may also 
be compressed by other tumours at the base of the brain, including 
the anterior part of the temporal lobeand by aneurysm of the posterior 
communicating artery, and may be involved in inflammatory lesions, 
such as basal s^Tthilitic meningitis. . 

Thz GEMCULo-CatCiRUJE Patitwat 

The last stage of the path of the visual fibres to tlie cortex begins 
at the external geniculate body. From this they enter the posterior 
Lmb of the internal capsule, where they lie behind the sensory fibres 
and Internal to the fibres of the auditory radiation. They emerge 
from the capsule as the optic radiation, or geniculo-calearine path, 
which runs to the area striata of the occipital lobe. This path varies 
in directness for different fibres. The more dorsal fibres pas.s directly 
to the visual cortex, but those situated more ventrally in tbe optic 
rarbation turn downwards and forwaitU into the uncinate region of 
the temporal lobe, and there spread out over the tip of the descend- 
ing hom of the lateral ventricle before luming back along the inferior 
aspect of the ventricle to reach the inferior lip of the calcarine fissate. 
As we have seen, fibres derived from the lower half of the retina 
remain below those from theopper half throughout the optic chiasma 
and tracts, and this relationship persists in the geniculo-calcarinc 
pathivay. Hence the more direct upper fibres of the optic radiation 
are denved from the upper halves of the retinae and are excited by 
images from the lower halves of the visual fields, and the reverse U 
true of the lower fibres, which pass by way of the tip of the temporal 
lobe. These facts explain the nature of the vi«ual field defects pro- 
duced by lesions involving the optic radiation in the temiwral and 
panetal lobes respectively. A left temporo-sphenoidal abscess, for 
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example, tends to damage the lower fibres rather than the upper, and 
the resulting field defect hes in the upjK?r half of the visual fields Since 



a unilateral lesion involves only the fibres concerned in vision in the 
opposite half-fields, the field defect is a crossed homonymous superior 
quadrantic one. Conversely a lesion involving the optic radiation in 
the parietal lobe may affect only the upper fibres and produce a crossed 
inferior quadrantic loss (IHg. 9). Complete destruction of one optic 
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' The Visuae Cortex 

T2io cortical visual area or 'area striata ’ is situafeil above and below 
the calcarine fissure and in adjacent portions of the cuneus and lingual 
gyrus, and sometimes extends slightli' on to the lateral surface 
of the occipitaj pole (frontispiece). From what has been said 
concerning the representation of the retinae in the optic tracts, it will 
bo realized that tho visual cortex on ono side receives impulses from 
tho temporal half of the retina on the same side and the nasal half of 
the opposite retina, that is, those lialvcs of the retinae which are 
cxcitoil by images derived from theoppositehalvesofthovisualfields. 
Tlie macula is not hjjaterally represented at the cortex, but each JiaJf 
is represented in the opjioaito visual cortex. Tho retinae may be 
regarded ns projectctl u|»on the v isual cortex as follows. Tho macula 
occupies a vetlgc-shapcd area of the most posterior part of tho visual 
cortex, extending slightly on to the lateral surface of the occipital 
lobe, the apex of the wciigc being 2 or 3 cm. anterior to the occipital 
pole. Tlio periphery of the relinaisreprcscnteil in front of the macular 

area of tho corte.x, concentric zones of tho retina from the macula 
to the peripherj' being probably represented from behind forwards 
in the visual area. Tho upper quadrants of the retina are represented 
in tho upper part of the visual cortex, above tho cnlcarino fissure, 
and tho lower quadrants below. From these facts tho effects of 
lesions involving tho visual cortex can readily be understood. Lesions 
of one visual cortex cause crossed bomonymous field defects. Lesions 
involving the uppcrhalvcs, j.e. the areas above tho cnlcarino fissure 
produce inferior quadrantic field tlefccts, and vice versa. Lesions 
confined to the occipital pole prwluco central or paracentral scoto. 
mas. Lesions more anteriorly placetl tend to produce scotomas 
involving the periphery of the vbunl fields, with escape of the central 
portions, provided the macular fibres of the optic radiation are not 
injured at tho same tune. Complete destruction of the visual cortex 
on one side produces a crossed homonymous hemianopia. 

The main arterial supply of tlio visual cortex is the posterior 
cerebral artery, though there is reason to believe that the macular 
area is also supplied by the middle cerebral. Thrombosis of the 
posterior cerebral artery therefore causes a crossed homonymous 
hemianopia, with, ns a rule, escape of tho fixation point. Bilateral 
thrombosis of tho posterior cerebral arteries causes complete blind- 
ness, except for a small area around the fixation points. The com- 
monest lesions of the visual cortex are vascular lesions and tumours. 
Slany cases of gun-shot wound of this part of the brain were observed 
during tho 1914 war. 
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1. THE OCGl»AR itOVEiJEETS ‘ 

The ocular movements are described a? horizontal moroinent 
outwards, or abtlnction ; horizontal movement inwards, or nddiic* 
tion , vertical movement upwards, or elevation ; vertical movement 
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tlowinvanls, or depression. The cyo is of course capalilo of diagonal 
movements at any intermcfliato angle. Tho term 'rotation’ should 
bo reserved for ^^•heel•Iiko movements arotmd an imaginary pivot 
pa-ssing from before backwards through tho centre of tho pupil. Such 
movements of rotation do not normally occur, but arc only observed 
ns a result of the unbalanced notion of certain muscles. Inward 
rotation is a movement similar to that of a wheel rolling towards 


tlavohcn- 



Oepressica 

Fio. 11. Sclicmo to illiistrato tlio action of tho Ocular Miisclca, 

{Thf Lancet, Kftrr Marquci. from 1 uehi) 

the nose, and outwanl rotation is tho opposite rotatory movement. 
Normally the movements of tho two eyes are harmoniously sym- 
metrical and we then speak of conjugate ocular movements or devia- 
tion. Conjugate ocular deviation is described as horizontal or lateral, 
upward and do\vnward. Conjugate adduction of tho two oyes is 
known as convergence. 

The Extrinsic Ocular JIuscles 
The extrinsic ocular muscles are tho four recti, superior and 
inferior, external and internal, and the two obliques, superior and 
inferior. Tho action of each of these muscles is shown in the following 
table and in the diagram (Fig. 11), in which the relative power of 
tho muscles in different directions is indicated by the length of the 
arrows. 


5upenor 

rectus 

j Internal 

Jnjtnor 1 
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External \ 
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It will be seen that only the external and internal recti act in a 
single plane. The other muecIesslTOja act to concert \rith each other 
to such a way that their confUettog tendencies cancel and a harmoni- 
ous resultant is produced. Thus when the two obliques aid the exter- 
nal rectus in abduction their vertical and rotatorj’ forces cancel each 
other ; and when the superior rectus and inferior oblique contract 
together in elevating theejetheirhorizontal and rotatory components 
also cancel. In conjugate deviation there is a hamionious contrac- 
tionof the appropriate muscles of the two eyes. In lateral conjugate 
deviation the external rectus ofone eye and the internal rectus of the 
other are associated ; in conjugate deviation upwards and downwards, 
the elevators and depres-sors of the two eyes respectively; and in 
convergence, the internal recti. Ocular movements must not be 
regarded as consisting merely of contractions of the prime movers, 
the muscles actively disphicing the eye. There is evidence that 
graded contraction and relaxation of their antagonists play an im- 
portant part in orderly movement. 

PARiLfsis or l5i>mi>tiAL OemM Mcsci.es 

Tlie more important results of patalysb of an ocular muscle are 
(1) defective ocular movement, (3) squint, (3) erroneous projection 
of the visual field, and (4) diplopia. 

(1) Defective Ocular Movement. 

Defective ocular movement is deinonstrate<I by asking the patient 
to fix his gaze on an object, such os the observer’s finger, wLicIi U 
then moved upwards and downwards and to either side, convergence 
being tested by brmgiiig it towards the patient. The movement is 
ilcfective in the direction in w hich the eye b normally moved by the 
muscle which is paralysed Slight wcaknes.4 of a muscle, especially 
of one of the elevators or depressors, may not lead to any defect of 
ocular movement evident to the observer. 

(2) Squint. 

Squint, or strabismus, is the term applied to a lack of j>arallflism 
of the ocular axes It is ncceH.>«ar 3 * to distinguish paralytic squint 
from concomitant or spasmodic squint. Paralviic squint maj' bo 
present w hen the eyes are at rest, to which case it Is duo to the un- 
balanced action of the norma! antagonist of the paral 3 -scd muscle, for 
example, the affected eye may be slightly adducted when the external 
rectus is paralysed. More often it is only apparent when the cj-es aro 
deviated to the direction in which the eye should be pull^ by the 
paraU-sed muscle, or if squint is present at rest it is increased bj* 
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such a inovoment. Coneomilfttit squint, liowevcr, is present at rest 
anti ia equal for all positions of the cjts, and, if the fixing eyo is 
covered, tho movements of tho squinting eyo arc found to be full. 
Concomitant squint is not associated with diplopia; paralj'tic squint, 
at least in tbo early stages, iisnally is. 

When the external rectus is paralysed tho ocular axes converge 
and the squint is said to be convergent. Paralysis of the internal 
rectus causes divergent squint. Divergent squint, however, also 
accompanies myopia, and is often present in an unconscious patient 
without indicating paralysis of an ocular muscle. The deviation of tho 
axis of the affected eye from parallelism with that ^of tho normal 
eye is called the ‘ primary deviation ’.If tho pationt is made to fix an 
object in a direction requiring tho action of the nflfected muscle and 
at tlie same time is prevented from seeing it with his normal eye, the 
latter is found to deviate too far in tho req\iirod direction. This is 
called ‘ secondary deviation and Is due to the increased effort evoked 
by his attempt to move the affected eye. 

(3) Erroneous Projection of the Visual Field. 

Afferent impulses from tho proprioceptors of tho ocular muscles 
convey information which is of importance in our perception of 
space. If we lOok at a candle straight in front of us and then, turning 
the eyes but not the head, at a candle placed to one side, in each case 
the image of the candle falls upon the macula. The difference for 
consciousness between ‘straight in front’ and ‘to one side’ depends 
upon the only variables in the afferent stream of impulses, namely, 
those derived from the ocular muscles. In the former case these are 
at rest, in the latter one conjugate pair is contracted and their 
antagonists are relaxed. I^t us now consider what happens when the 
right external rectus is paralj-scd. On conjugate deviation to the 
right the left eye moves normally and the right eye remains directed 
fonvanls The image of the object regarded falls in the left eye upon 
the macula, in tho right eye upon the nasal half of the retina. 
Proprioceptor impulses from the ocular muscles convey to the 
patient the information tliat he is looking to the right, and ho is 
accustomed to regard an object, the image of which falls upon the 
nasal half of tho right retina, as situated to the right of one of which 
the image falls upon the macula. Consequently he sees two images 
and projects the false image perceived by his affected eye to the right 
of the true image perceived by his normal ej’O. If now his normal 
eye bo covered and he be asked to touch the object he wiU direct his 
finger to the right of its true position. The erroneous projection is 
always in the normal direction of action of the affected muscle. When 
it produces sufficient spatial disorientation vertigo results. 
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(4) Diplopia. 

Erroneous projection of the visnal field of the affected eje is 
responsible for double vision. IVhen both ej-es are ii'cd two images 
are seen, one correctly and one erroneously projected, the true and 
the false image. Let us apply our previous illustration to tiie inter* 
pretation of diplopia. 

In paraljsis of the nght estemal rectus the right eye is not 
abducted If the patient attempts to deviate his eyes horizontally 
to the right, the image of a small object falls in the left eye upon the 
macula. In the nght eye, uhich is not displaced, it falls ujwn 
the nasal halfofthe retina, hence it is eeen in (or projected into) tho 
temporal field of the right ^ e. Tiie false image is thus parallel Tvitli 
and to the nght of the true image. The farther the test object is 
moved to the nght the farther into the nasal half of the right retina 
Its image moves, and the farther the false image Bpjieare to move to 
the right From these facts can be deduced two simple rules govern- 
ing the appearance of diplopia: 

(1) The separation of the images Increases the farther the ej'es 
are moved in the normal direction of pull of (be p3nil;^8ed 
muscle 

(2) The faUe imago is displaced in the direction of the plane or 
planes of action of the paralysed muscle. 

It foDotrsfrom the two rules (bat when the gaze is so directed that 
the separation of the images is greatest, the more peripherally 
situated image is the false one, derived from the affected ej-e, which 
can thus be ascertained. The simplest method is to cover up one ej'e 
with a red glacs The patient is then made tolook at alight, such aa 
an ophtlialinoscope lamp, or a small but well-illuminated piece of 
white paper. This is moved until the maximal separation of the 
images 13 obtained, and th^ are then distinguishable by their colour. 
If coloured glass is not available, an intelligent and co-operative 
patient is usually able to distinguish the images by noticing which 
disappears when each eye is covered separately. 

When the affected eye has been discovered, the paralysed muscle 
can be determined It is the muscle wliich normally displaces the e^'e 
in the direction of displacement of the fabe image. The positions of 
the false images resulting from paralysis of the various ocular 
muscles are described below for the right eye. The deacriptUsn will 
apply to the left eye if right be substituted for left and vice versa. 
The diplopia is said to be or unerased, when the false 

image lies on the same side of the true image as the affected eye, 
and ‘crossed’ when it lies on the opposite side. 
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Position of False Image in Paralysis of the Ocular Muscles of 

the Right Eye. 

External Iteclus. The diplopia is uncrossed and the maximal 
separation of the images occurs on abduction wlien the false image 
is level ^ith, and parallel xrith, the true. 

Internal Eectui. The diplopia is crosswl and the maximal separa- 
tion of the images occurs on adduction when the false image is level 
with, and parallel with, the true. 

Superior Eectus. The false image is above and to the left of the 
true and tilted away from it. Vortical sep<xration of the images is 
greatest on abduction, tho tilting greatest on adduction. The 
diplopia is crossed. 

Inferior Eectus. The false image is below and to tho left of tho 
true and tilted towards it. Vortical separation of the images is 
greatest on abduction, and tilting on adduction. The diplopia is 
crossed. 

Inferior Oblique. The false imago is above and to tho right of the 
true and tilted away from it. The <lipIopia is uncrossed. Vortical 
separation of the images is greatest on adduction, and tilting on 
abduction. 

Superior Oblique. The false inmgo is below and to tiio right of tho 
true and tilted towards it. The diplopia is uncrossed. Vertical 
separation of the images is greatest on adduction, and tilting on 
abduction. Since tlie diplopia occurs on looking domurards it is 
particularly troublesome to the patient when waDiing downstaira. 

A patient suffering from diplopia usually rotates or tilts tho 
head into tlie position in which the least demand is made upon 
tho paralysed muscle. 

Tjik Nncn.®! ok tjib Ocular iluscLES 

Tho lower motor neurones wbicli innervate tlio ocular muscles 
originate in the nuclei of tho third, fourth, and sixth cranial nerves. 
The first two lie in the midbmin just anterior to the aqueduct of 
S 3 'lvius at the level of the superior and inferior corpora quadri- 
gemina. Tlie nuclei of the sixth nerve lio in tho pons beneath the 
floor of the upper part of the fourth ventricle and partly encircled 
by the fibres of the seventh nerves. 

The precise representation of muscles in the nucleus of the third 
nerve is still somewhat uncertain, butthediagram {Fig 12) represents 
tho probable arrangement. The median, unpaired, small-celled 
nucleus of Perlia is the centre for convergence and accommodation, 
while the lateral, paired, small-celled nucleus of Edinger-Westphal 
innervates the constrictor of the pupil. The remainder of the nucleus 
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is til" fiiired, Lirgc-«“IIc»l, lateral niioleiH iq which the muscles 
arc rcpfc^cntctl from above tlownwanlsa* follows: levator julpobnn', 
Bupenor rretu*, iuferior oMi<iTO, internal rectu#, Inferior rcctu®. 
Decussating! fibres unite the lower parts of the nuclei. Immediately 
bflow the thml nerve nucleus lies that of the fourth nerve which 
innervates the opposite rupTior oblique. This nucleus nml the 
adjacent lowest part of the ihini nene nucleus innervate the two 
muscles concerned in depression 
of the eye, and the two eleratinp 
muscles ore inncivatcd by mutu- 
Ally adjacent portion.s of the upper 
half of the thinl nm e nucleus. 

The Scrcjiycct.Evn asi» TsntR- 
xccTxcn lliTits Fon Ocn.»B 
JIOVEMEXT 

Conjujlate Lateral Deviation. 

MoNeroents of the t!>« tan be 
evoked from tma arras of the 
terrhral cortex hyeleclriwil stiinii- 
btlion. One *upraniicJ«tr pilli of 
the motor fibres concerned In con* 
j«?ate J.ifenil devhtfon bcinns in 
the posterior part of tlie Bocond 
frontal convolution, anterior to 
(bo pre-ccntml p3TU.'- Electrical 
Btimubtinn of this area produces 
ilcs-iaiion of the ex es to the oppo- 
site si*le From the Kvrind frontal 
convolution the supranneicnr p,itb 
runs throUEh the coron.a radlxta to the internal capsule, where it is 
■itiiatet! nc.ir the penu, and then to the ccrehral pctliinrlc. In the 
mi'lbrain the fibres derussatt*Bnd|ia*sdomiwanIs into the upjxwjvirt 
of the {HiaH .1 ust alwjve the sixth nueb-us lire path dix idr*, some filwes 
nmiiin,! into that nucleus, while other* ctws the nudiile line, turn 
upwanU in the jwwtcnnf k>npiti*'bnsl Imndle, ond terminate In that 
part of the thinl nerve nucleus which Inncrxalcs the opposite inlcmxl 
m-tus Thus excitation of the supranuclear fibres causes a conlrat- 
t ion of the opposite rxtcmaf rectus an»i the ipsil.at era! intcnixlreetus^ 
awl so pr<»lijrT*s o>njii?ate ocuDrdeXMlion to the opposite side. 

Tl»e other cortical are.H fiw rje movement *i* in or near the visual 
cortex in the cyxipisal loD*. From here fibres liaxe l»-«-n trneni 
throojh the pulvinar to the ms'Ilfrain. 
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Conjugate Vertical Deviation. 

Less is known about the supranuclear paths for conjugate vertical 
than about those for conjugate lateral deviation. Probablp they 
also originate in the second frontal convolution, but on electrical 
excitation of tliis region the more poirerful lateral movement of the 
eyes overpowers the vertical movements. The fibres probably run 
through the internal ca2>s»I& and decussate in the upper part of the 
midbrain. Those concerned in conjugate elevation appear to cross 
at a liigher level than those concerned in conjugate depression. 
Collier suggests that the former decussate in the posterior commis- 
sure. After decussating they tenninate in the appropriate regions of 
the third nerve nucleus and in the fourth nerve nucleus. 

Conjugate Convergence. 

Tlie supranuclear paths for eonjugato convergence are also in. 
completely known. Since convorgcnco is normally the response to 
the peroeptioa or imagination of a visjial image, the path of excita. 
tion probably runs through the visual cortex, and then, possibly 
passing through the second frontal convolntioji, by a desoe/iding 
rovito with the pjTamidal fibres to the midbrain, to torininato after 
decussation in the nuclei of the internal recti. 

Reflex Ocular Fixation. 

In voluntary ocular deviation the patient turns the eyes spon- 
taneously or in response to » command. In addition, conjugate 
ocular deviation may be excited by various stimuli. 

1. Eslinal Stimulalion. The retinal stimulus may be either (a) 
macular, or (6) peripheral. 

(а) The patient’s head is kept motionless and he is told to fix his 
gaze upon an object which is then moved in various directions. 
Appropriate conjugate ocular deviation occurs to keep the image of 
the object i^pon the macula. 

(б) It is an everyday experience that a moving object in the peri- 
phery of the visual field excites deviation of the head and eyes so 
directed that its image is brought upon the macula. 

2. Slimvlalion. In reaponae to a sound the eyes are 
deviated in the direction from wrhich the sound appears to come. 

3. Labyrinthine Stimvlation. Caloric, rotatory, and electrical 
excitation of the labyrinth evokes conjugate ocular deviation 
(see p. 180). 

4. Passive Movement of the H&td. Tlie patient is made to fir 
an object with his gaze and the he€ul is then rotated, flexed, or 
extended at tiie neck. Affraent impulses from the cervical spine 
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excite appropriate ocwlar tleeiatioo to keep the iniage of the object 
on the macula, whatever the position of the head. For cxaii)j)Ie, if 
the head is passively- rotated to tlie left, the e3'es become donated 
to the right. 

The regions concerned in ocular fixation ore the visual cortex and 
the descending path to the midbrain via the puhrinar and the 
posterior longitudinal bundle. 

The Posterior Longitudinal Bundle. 

The posterior longitudinal bundle is an important jiath linking 
the OCTilomotor nuclei Bj* it the exterml rectus is a‘ssociate<l with 
the opposite internal rectus in conjugate lateral deviation, and it 
Carnes impuhes concemetl m the reflex ocular movements described 
in the last section. 

Anteriorly it can be traced into the subthalamic region, where it 
receives fibres from the nucleus of Darksebewit-seh and the inter- 
stitial nndeus of Cajal, the fonner bringing it into relillon with 
the posterior coniau&5Ure. Passing through the midbrain it unites 
the third, fourth, and sixth nuclei, and at the level of the ladt'named 
ic receives an important contribution from Beifers’ nucleus. In the 
pons also fibres probably enter the bundle from the fifth nerve and 
from the aoditory component of the eighth, and it descends through 
the medulla, where it sends fibres to the spinal accessor^' nncleus, to 
form part of the anterior column of tbe spinal cord. 

It thus links together the auditory and vestibular nerves with the 
oculomotor nuclei and tbe muscles which rotate the head. 

SrPRAXTCLEAfi ASH IlCTEEXCn.EAit LeSIOXS 

Dissociation of Valunlary Ocular j/oremeaf and Rtflex I’imlion. 
Bilateral lesions of the frontal centres or their descending paths 
interfere with voluntary movement of the eyes which, hemever, can 
still follow a slowly moving object, or fix an object wliile the head is 
moved In such cases reflex fixation is overactive and tbe eyes lend 
to remain fixed on an object until the gaze is obscured. Tlie converse 
condition, a lesion interfering with reflex fixation, makes it irapos- 
Bible for the subject to fix and hence to see clearly a moving object 
or an object when he himself is moving. (Holmes, 1938.) 

Conjugate Lateral Movement. 

■ft'e ma^' encounter either spasm, paralysis, or dissociation of 
conjugate lateral movement of the eyes. 

Spasm of Conjwjale Lateral Jloiement a&y occur as an clement in 
a Jacksonian cpDeptic attack, of which it may be the first svinpfom 
when the exciting lesion is situated m tbe second frontal convolution, 
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the eyes being dcviate<I to the opposite side. It may occur in con- 
vulsions excited by an occipital lesion, in which case there is usually 
a visual aura. It is commonly observed also in the generalized con- 
vulsions of epilepsy Spasmodic lateral deviation occasionaJlj' occurs 
in Parkinsonism due to encephalitis letlmrgica, though in tliis 
condition ^'crtical deviation is more frequent. It may be excited 
reflexly by a lesion of the lab3Tinth, the eyes in this case being usually 
deviated towards the lesion. In pamlj’sia of conjugate lateral move- 
ment in an unconscious patient the eyes arc often deviated to the 
non-paralj*sed side bj’ the unbalanced action of the normal hemi- 
sphere. 

Parahjsui of Conjugate Lateral Moi'ement to one side may occur 
ns a result of a lesion of the Rupmimclcnr fibres nt any point in their 
course, hut the eflects of a unilateral lesion above the pons are alwaj-s 
transitorj’. Wien the lesion is situated above the decussation of 
these fibres in the lower midbraln lateral movement to the opposite 
aide is paralysed, When the Icaion is below tlio decussation, i e. in the 
pons just above the sLsth nucJciis, the pnrolysis is to the same side 
ns the lesion. A lesion invoUing the decussation lends to bilateral 
paml^’sis, and this may also occur as a result of one evtciiding to 
both Bides of the pons. It must bo remembered that the supranuclear 
fibres are concerned with voluntary movement of the eyes, and the 
true test of their conductivity Is to tell the patient to look to one or 
the other side. To ask him to follow a moving finger with his gaze 
is to introduce a reflex clement into the response It is common to 
find in a patient, unconscious from a hnemorrhago into the internal 
capsule, evidence of a paralysis of conjugate ocular deviation which 
apparently qiiicklj* disappears n hen he recovers consciousness. Such 
patients, however, often show slowness or weakness in deviating the 
ej'es to the opposite side on command, though they are able to follow 
with their eyes a moving object. 

A pontine lesion usually abolishes reflex conjugate lateraldcviation 
as well ns the voluntary movement — a point in favour of the exis- 
tence in this region of a ‘centre’, from which starts n final common 
path shared by both voluntary and reflex movements. 

In paral^'sis of conjugate lateral deviation the affected internal 
rectus contracts normally on convergence unless the supranuclear 
path for convergence, wjn'ch is separate from that for lateral devia- 
tion, should also bo involved. This is an example of the rule that 
supranuclear lesions cause paralysis of movements and not of 
muscles. 

Hissoct'afiott of Conjugate Lateral Movement. Dissociation of con- 
jugate lateral movement occurs when either the external or the in- 
ternal rectus contracts more strongly than its conjugate fellow, and 
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the normal barmony of the two eyes is disturbed. Most commonly 
the external rcctns contracts normally, hut the opposite internal 
rectos is weak or parahTcd for conjupife lateral movement hot 
contracts normally on convergence. In this case the lesion mvolves 
the ascending fibres of the posterior longitodinal bundle linking the 
two muscles together, but the supranuclear path for convergence 
which terminates at a higher level escapes (ophthalmoplegia inter- 
nnclearis anterior of Lhermitte). A lesion involving the nucleus of 
the internal rectus muscle in the third nerve nucleus, or the fibres 
nmnmg to this mu«cle in the third nerve, of course paraUiea the 
muscle both for conjugate lateral movement and for convergence. 
A Jesjon of the sixth nerve or its nucleus causes paralysis of tlic 
external rectus, but the opposite internal rectus contracts nomiall.v 
on conjugate lateral deviation and on convergence. 

CaitsM of Conju^ti Laleral Paraly*U 

The commonest cause of conjugate lateral paralysis is tumour 
involving the pontine centre. It may al^o be pnxlucctl by cnceplia- 
litis lelhargica, though lesa often than vertiral paralysis, anrl by 
disseminated scletosia, in which disease di*«ociation of laternl move, 
isent IS common, the internal rectus contracting less strongly than 
the external. Vascular lesions account for most of the remaining 
cases. 


Conjugate Vertical Kfovemeots, 

Spa«m of Tertieal Conjugnt* j/oewnen/ upwards may occur in an 
epileptic fit or in an attack of petit mal. It is also the commonest 
form of oculogjval spami found in encephaluic J^irkm-wnism, thougli 
downward and lateral spasm occasionally occur. Upward deviation 
of the eyes also occurs normally during sleep, sad on voluntaiy 
closure of the eyehds and blinldog. 

Parulytis of YtTiiml Conjuyote JTotrmenl seems not to occur a« 
a result of lesions above the midbrain. At the level of the superior 
corpora quadrigeouna there exi»t supranuclear mechanisms for the 
conjugate vertical movements and for convergence, since anv of 
these movements may be abolished separately and without evidence 
of a nuclear lesion Moreover, as in the case of conjugate lateral 
deviation, voluntary vertical deviation may be lost wliile the move- 
ment can still be excited reffexly, for example by flexing or extendin** 
the head when the patient's gaze is fixed upon a motionless object, 
^ircfi a Joss of voluntary wjtfi retention of reiTex movement mdicateg 
a lesion of the suprannclearpatb, while the final common patii from 
the hypothetical midbrain ‘centre’ remains intact. The centre for 
1 vertical movement upwards b situated at a higher level in the mid- 
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brain than that for dowTiward movement, wnce a tumour nridng m 
tho tliircl ventricle and impinging upon the inidbrain from nbo%'e 
impairs tlio former before tho latter. Upu'ard deviation is much 
more frequently- lost tlmn dou-nunnl dcii'iation, and, ns Collier has 
pointed out, its loss is sometimes nssoeiate<l uith retraction of tho 
iipiK'r lids. In some eii'-ca tho defect is congenital. It may result 
from encephalitis lethargica, nenplaam of the thinl ventricle, mid- 
hrain or 2>ino«l hotly, vascular and other lesions of tlio npiwr mid- 
brain. 

Paralysis of Convergence. 

Paralysis of ronvergenee is rarely obsor^-etl as a result of lesions 
of the ct'rchral hemispheres, probably Wcatiae its supranuclear i»aths 
are bilateral. It is common, liowcver, in extrapyrnmidal syndromes 
associated \\-ith rigidity, csju-eially in Parkinson ism diictocnecplinlitis 
lotbnrpica. It is nl«o met nith ns n result of lesions involving the 
eonvergenco centre* in the midhruinnnd may octJir after head injury. 
In such cases there may be an isolatwl los.s of conrorgence and accom- 
modation. Jloro often loss of eonvergenco is associated with loss of 
vertical etmjtignte movement, and sometimes uUh loss of tho 
reaction of the pujuls to light. Ix>ss of convergence is occasionally, 
and Bim«m of convergence uMially, hysterical. 

Noclear OrirniAUiorLE<irA 

Jly nuclear ophthalmoplegia is meant a paralysis of ocular muscles 
dne to a lesion involving the nuclei of the oculomotor nerves. When 
tlic extrinsic ocujar muselcs arc involvetl the lenn external ophthal- 
moplegia is used: iwrnlysis of tlio pujnllary and ciliary muscles is 
known as internal ophthalmoplegia. When l>oth are afibeted logetlier 
V.C spc.ik of total ojihtholmoplegin. Internal ophtlmlmoplegia is 
dealt uith in a later section. Wo arc here concernetl only uith 
external ophthalmoplegia, including ptosis. 

Nuclear ophthalmoplegia roust bo distinguished from eujtramiclear 
lesions and from lesions of the oculomotor ncra-c-trunks. As ue have 
seen, supranuclear lesions cau.«o disturbance.s of conjugate ocular 
mo\ ement. Consequently tho ocular axes remain parallel and dijilo- 
jiia is not produced. Nuclear lesions may* bo unilaterah but are more 
often bilateral. When bilateral they arc not symmetrical, anti levs 
of parallelism of tho ocular axes and diplopia occur. The varied 
degree of paralysis of the muscles of both eye.s, with or without 
internal ophthalmoplegia, rarely simulatea a lesion of the third 
nerve-trunks, in which as a rule the muscles u\nervated by the nerve 
arc all affected to an equal extent. Nuclear ophthalmoplegia confined 
to the fourth nerve has probably ncA er been verified. Since the sixth 
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nerve supplies only one muscle, an isolated lesion of the sixth nerve 
nucleus can only be distin^uisbed from a lesion of the nerve-trunk 
by the presence of associated symptoms of a lesion of the pons. 

The following are the principal causes of nuclear ophthalmoplegia : 

( 1 ) 2Iassne Lesions inioletng the Brain-stem, especially tumours of 
the third ventricle, midbrain, pineal body and pons, and vascular 
lesions 

(2) Intoxications Alcohol was held responsible by IVeraicke for 
the condition he described as acnte superior haemorrhagic polio- 
encephalitis, but this has recently been ascribed to vitamin B deS- 
ciency (Campbell and Biggart, 1039). It is characterized by a rapidly 
progressive ophthalmoplegia, often with pupillarj' pamij’sis and 
ptosis, with bulbar symptoms, ataxic gait, weakness and lo^s of 
tendon reflexes in the limbs, somnolence or delirium, often proving 
fatal in from ten to fourteen days. Autopsy shows haemorrhages in 
the grey matter of the floor of the aqueduct of Sylvius. 

Lead-poisomng occasional!}' causes nuclear ophthalmoplegia. 

(3) Tori-iw/ectire Stales In this group fall 8}*philis, encephalitis 
lethargies, disseminated sclerosis, and acute dUsemlnated enccphalo- 
ni}'elitis. S}'plulitic nuclear ophthalmoplegia may be vascular in 
origin, but a degenerative typo occurs in tabesand in general p‘iral}'sis. 

(4) Projre«Jte 2[uscular Atrophy involves the oculoraotot nuclei 
very rarely. 

(5) Sijnngomyeha also rarely produces ophthalmoplegia. 

(0) Head injury is a rare cause of nuclear ophthalmoplegia, which 
may result from contusion of the brain-stem. 

(7) Congenital Defects of ocular movement occuc The«e may be 
hereditaiy and associated with other hereditary abnonualltxcs. 

Xl STAGMCS 

X}stagmus is a disturbance of ocular posture characterizod by a 
more or less rh}'thmical oscillation of the^'es Thismovement may 
be of the same fate in both directions, or quicker in one direction than 
m the other. In the latter case the movements are distinguished ns 
the quick and the alow phases. The quick phase is taken to indicate 
the direction of the nj-slagmus, bo that if the alow phase b to the left 
and the quick to the right, the patient is said to exhibit nystagmus 
to the right Xystagmus may occur when the eyes are in the position 
of rest, or only on deviation in certain directions or on convergence. 
Tlie movement may be confined to one plane, horizontal or vertical, 
or occur in more than one plane — rotary nystagmus. Xystagmus 
may be as.sociatcd with a rapid rotary tremor of the head, or with 
jerky vertical movements of the e}elids. The acquired forms mar 
cause an apparent movement of objects seen by the p.-itient. 
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Tlio nature of n.vstagnnjH can Iw best appreeiftte<I by recalling the 
statement made in a i)rc\loiis faction (on p. 09) that the posture of 
the eyes is iniluenced reflexly bj' a number of factors of uhicli tiio 
most important are impulsesderivecl from the retinae, the labyrinths, 
and the cervical spine. Nystagmus is a clLsttirbaiico of ocular posture 
which may bo clue to (]) dcfecthe or abnonnnl retjnal impulses, 
(2) abnormal labyrinthine impulses, (3) lesions of the cervical spinal 
cord, (4) lesions involving the central paths concerned in ocular 
posture, and (5) weakness of the ocnilar muscles ((5) It nmy also bo 
a congenital abnormality of iinknoivn aetiology, and (7) it is rarely 
hj-stcrical. 

(1) Nystagmus of Retinal Origin. 

(i) Amblyopia coming on in early life may cause nj’stagmiis if 
eomo vision ia retained and especially if macular vision is impaired. 
The visual impairment renders ocular fixation defective, and a 
pendular nystagmus results. 

(ii) Mtnrra' nyilagmiui has boon attributed to the relative in- 
clllciency of macular vi«ton in a dim light as a result of the absence 
of rods in the macula On this hypothecs the defectiveness of 
macular vision causc<s defectixe fixation It is also behoved that 
nciirosh plays a |urt m nmintaimng, if not in originating, the dis- 
turbance. 

(lii) Optic nt/ilagmua. Optic nystagmu-s is the term applied to 
the nystagmus evoked by a mioccvsion of moving objects pas.sing 
before the eyes. A familiar example is the nj*stogmus which occurs 
in an individual looking out of the window of a moving train Tlie 
alow phase Is in the direction in which the landscape appears to move 
and the quick phase is in the direction in which the tram moves. 
This form of nystagmus can be rciiroducoil by making a subject 
look at a rotating drum which bears a succession of figures arranged 
at intervals The slow phase occurs in the direction of movement 
of the drum. It probably depends iqion a reflex ]>ath originating in 
the retina and jiassing to the \isual cortex in the occipital lobe, 
wlience it is relayed through the wJiite matter of the hemisphere to 
the oculog 3 Tic centre in the second frontal convolution. Neither 
hernianopra nor central scotoma aht^ishes optic nystagmus, but it 
may be lost to the opposite side when a lesion inx’olves tiio.se areas of 
the temporal and parietal lobes lying between the visual cortex 
and the second frontal convolution. (Fox and Holmes, 1920.) 

(2) Labyrinthine Nystagmus. 

The physiological aspects of labyrinthine nystagmus are considered 
elsewhere (j). 180). Appropriate stimulation of tlie horizontal semi- 
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cirrjilar canaU evokes horizontal nj’stagmus, and of tho vertical 
canah. rotary nystagmus. Acute lesions of tiie internal ear, w hether 
primary or secondarj' to disease of the middle car, cause njstagmus, 
usually rotary, and with the quick phase as a rule towards the 
opposite side The amphtude of the osallation is increased when the 
0 } es are deviated in the direction of the quick phase and diminished 
on fixation in the direction of the slow pjiase Clironic lahjTinthine 
lesions often lead to fine rotary nystagmus on lateral fixation to one 
or txith sidea, especially to the side of the lesion. 

(3) Nystagmus due to Spinal Cord Lesions. 

Nystagmus is not uneommoniy seen in cases in which a lesion 
involves the cervical region of the spinal coni, and U tlien prohahly 
due to defect of afferent iropuUes irom the cervical spine. 

(4) Nystagmus due to Central Lesions. 

Nystagmus is a common symptom of lesions of the brain^stem 
and ectebellum. Mlih cerebellar lesions nystagmus may occur on 
fixation )n any direction, the slow phase being tOTvnrtl* the position 
of rest and the quick pha«c towards the periphery. With a unilateral 
cerebellar legion it w pre«cnt in both eyes and is most marked on 
conjugate derjation totfaerideoftbeledon. It may* occur Asaresuit 
of lesions involving the cerebellar connexions within the brain-stem, 
the vcstibuhir nucleus, and, probably, the posterior longitudinal 
bundle Disseminated sclerosis is the eomrsoncst cause. Nystagmus 
of central origin al^o occurs in' ca«es of Friwlrctch's ataxia and other 
hereditary ataxias, encephalitis, syringomyelia, tumours, and va«cu- 
lar le«ions of the brain-stem and cerobelJnm. It is rare in syphifis. 

(5) Nystagmus due to Weakness of the Ocular Muscles. 

A peripheral cause of ajstapmua. in UTnkness of the ocular 
muscles requirwl to m.'iintain a posture of conjugate deviation, t-ecnis 
the best explanation of ita ocenrrenee in such conditions as poly- 
neuritis, espemlJy alcoholic polyTieuritis, myasthenia gravis, l/ota- 
h^m, and vanous forma of poisoning. 

(C) Congenital and FamtUal Nystagmus. 

Nystagmus may be present from birth, nnd in several members of 
the same family, sometimes in successive generations. Congenital 
nystagmus is usually a fine pendular osdlJation present at rest am! 
on fixation in all directions, but more tlian one variety oemn There 
may lie an ax-ociated cs>cilIalion of the head. Tliero is usually no 
subjective movement of objects. Its cause is unknown, but it *raav 
l>e as,*oeiat€d with other oeular defects im olving poor vi«ion such us 
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albinism, astiginati'mi, or amblyopia. It may bo inherited as a Mende- 
lian dominant or as a scx-linkod recessive, and males arc aifected 
three times as often ns females. 

(7) Hysterical Nystagmus. 

Hysterical nystagmus disappears when ocular fixation is uncon- 
scious and reappears on testing the eyo niov'emcnts. It may be 
associated irith spasm of convergence. 
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8. THE PUPILS ANT> THE EYELIDS 
The Innzrvatios of the PrrrLS 

The size of the pupil is under the control of two mutually antagon- 
istic muscles, the circular muscle of the iris, the sphincter jiupillae, 
which causes contraction and is innervated by the third nm'e, and 
the radial fibres of the iris which cause dilatation and receive Ihcir 
nerve-supply from the cervical sympathetic. 

The Irido-dilator Fibres. 

Little 13 knosvn about the innervation of the pupil above the 
miclbram The experimental work of Karplusnml fCrcidI, however, 
points to a path for pupillary dilabition from the frontal cortex to 
the hypothalamus and thence into the cerebral pedtracle Such a 
corticifugal path appears ncces-sary to explain the occurrence of 
pupillarj* dilatation in states of emotion. The irido-dUalor fibres 
continue downwards in the tegmentum of the pons, medulla, and the 
cervical cord to the lateral horn of the grey matter of the eighth 
cervical and first and second dorsal segments. From (ho cells of these 
lateral horns the preganglionic fibres take origin and leave the coni 
by the corresponding anterior roots. From the spinal nerves they 
pass by the white rami communicantes of the sjTnpothetic to the 
cervical sympathetic nerre-tnink to end in the superior eeradcal 
ganglion The postganglionic fibres start from this ganglion and join 
the internal carotid plexus with which they enter the skull and from 
which some pass to the ophthalmic division of the trigeminal nerve 
and reach the pupil by the nasociliary and long ciliary nerves, while 
others go from the carotid plexus through the ciliarj- ganglion with- 
out intemiption and into the short ciliary nerves. 

The Irido-constrictor and Giliaiy Fibres. 

The irido-constrictor fibres probably originate in the nuclei of 
Edinger Weatphal. Entering the third nerve, they terminate in the 
ciliary ganglion, from which postganglionic fibres arise which pass 
by the short ciliary nerves to the circular muscle of the iris. The 
cihaiy fibres follow the same route except that they probably arise 
m the median nucleus of Perils and terminate in the ciliary muscle, 
contraction of which allows the Ions to become more convex and so 
accommodates the eye for near virion. 

Paralysis of the Sphincter PupiDae. 

The constrictor mnacle of the iris may \je parniy.'ied ns a result of 
a lesion involving the irido-constrictor fibres at any point between 
the nucleus of Edinger-Westphal and the eye. The pupil is widely 
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dilated owing to the unantagonized action of the irido-dilator muscle, 
and the reaction to both light and accommodation-convergence is 
lost Paral3*Bi3 of the sphincter piipillae occtirriiig without paralj’sis 
of the extra-ocular muscles is usually due to a lesion either of the 
nucleus of Edinger-Westphnl or of tlie ciliary ganglion. 

Paralysis of the Dilator Puplllae: Ocular Sympathetic 
Paralysis. 

Paralj^is of pnpillarj’ dilatation is duo to a lesion of the irido- 
dUator fibres of the sympathetic. Tlie pupil is coTistricted — myosis 
— by the unopposed irido-constrictor muscle, and fails to exhibit 
the normal dilatation when the eye is shaded, in states of pain and 
emotional excitement, and reflexly when the skin of the same side of 
the neck is scratched with a pin — tlie cilio-spinal reflex. The irido- 
dilator fibres throughout their course are close to the other fibres of 
the ocular sjTnpathetic, viz. those which produce tonic elevation of 
the upper lid and tonic protrusion of the eyeball by means of the 
unstriped muscle of the orbit. Paralysis of the dilator of the iris is 
therefor© usually associated »ritJi paralysis of these muscles also, 
manifested in slight ptosis and cnophtlialtuos (Horner's sj'ndrome). 

The myosis of the Argyll Robertson pupil Ims been attributed to 
a lesion of the irido-dilator fibres in the midbraln. Myosis may also 
occur mth lesions of tlio pons, as in the pin-point pupils of pontine 
haemorrhage, and of the lateral part of the medulla, as in thrombosis 
of the posterior inferior cerebellar artery. In the spinal cord the 
lateral horns of the upper dorsal region may be involved in a variety 
of lesions. The sympathetic svhito rami may be destroyed by trauma, 
as m the Klumpke type of birth palsy of the bracliial plexus , and 
the cervical sjTupathetic may be damaged m the neck by’ trauma 
or pressure, especially from enlarged cervical lymph glands. 

Within the cranium the postganglionic fibres maj’ be damaged bj’ 
the pressure of a tumour or aneurysm behind the orbit. 

Paralysis of Accommodation. 

Paralj’sis of accommodation maj' bo produced by lesions involving 
the median nucleus of Perlia, the third nerve, or the ciliary’ ganglion. 
As an isolated ocular phenomenon it is found in diphtheria, in wliich 
condition tlio lesion is according to some authorities nuclear, accord- 
ing to others, neuritic, and according to yet others, in the cCiary 
muscle. 

Inequality of the Pupils. 

Inequality of the pupils may occur when one is either pathologi- 
cally small or pathologically large, or when one is of moderate size 
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but fails to react to bglit ; in which case the normal one will lie the 
larger when it h dilatcdantl the smaller when it is constricted. Tlie^e 
s'anous abnormalities can be interpreted in the light of the facts set 
out above. Irregularity of the pupils U frequently present in syphilis, 
and somctimea in encephalitis lethargica and other conditions. In 
such cases it isprobablj'duetolesionsatorneartbcnucleusandmust 
be distinguished from the irregularity produced by local lesions of the 
iTLs, especially iritis 

Action of Drugs on the Pupil nod Ciliarj' Muscle. 

Certain drugs influence the pupil and accommoilatlon when applied 
to the eye 

Pilocarpine and physostigmine (eserine) cause constriction of the 
pupil and spasm ofaccommoilatioii bj* stimulating the nerve-endings 
of the third nerve in the pupil and ciliary muscle. Atrojiine causes 
ddatation of the pupU and paralysis of accoramodatioo by paralysing 
tbe same nerve-endings. I have ^n several patients with iridoplegia 
produced by belladonna accidentally introduced into tbe eye by tho 
fingers after using belladonna liniment. Cocaine causes dilatation of 
the pupil by stunulating the nerve-endings of tlie sjTnpathetlc fibres. 
The action of morphine in causing irido-constriction is central, not 
peripheral. 

THT PumLABT Riuctio.vs 

The Light Refle.\. 

If one eye is expo^ to ligbt,a constriction of botli pupils normally 
occurs The response of the pupil of the eye upon which the light 
falls 13 called the direct reaction, that of the opposite pnpil the 
consensual reaction. In eliciting tbe light reflex the p.atjent should 
be asked to look at a distant object in order to eliminate the contrac- 
tion of the pupil on accommodation convergence, and the eye not 
being tested should be covered in order to ehminate the consensual 
reaction. The path of the fibres concerned in the light reflex is not 
accurately known throughout its course. The afl'erent impulses from 
the retina follow the path of the visual afl'erent fibres as far as tho 
optic tracts, with a similar decussation of those from tlienasal halves 
of the retma at the optic chiasma. It is unknown whether the 
reflex fibres are identical with those concerned in vision, or whether, 
as some have supposed, two separate sets of fibres exist for these 
functions On leaving the optic tracts the reflex fibres separate 
from the visual and according to JIagoun, Atlas, Hare, and Ilan,®on 
(!93C) in the monkey they pass through the brachium of the superior 
colliculus, but do not enterit, turning rostrally and medially into the 
pretectal region and then descending to the oculo-motor nuclei. 
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accommciJation-touvcrgenco inipbcii tliat tlio lesion does not mvoho 
tlio fibres concerned in lliis reaction, llcllcx iridojdfjria nuiy occur 
as a result of lesions in the follouiiig utiiAtions. 

1 Lesiona of the Optic Xerie. Accommodation-convorgenco nnil 
the associated indo-cunstrictioD can occur in llio abscnco of vision, 
for eiamplc, if an individual who has becoiiio blind tric-s to look at 
the end of liis no»e. Conseciucntlj' a Ic^ion of tho optic neri o ere 
enougli to impair tho conduction of the afferent impulse.^ tonetrned 
in the light reflex can causo loss of that rellcx with retention of tho 
reaction on accoinmodation-convcrgence. 

2 Lesioios of the OjAie Tract. Dcstnietionofonc optio tract caui>ci. 
loss of the hght rcllcx when the tcm]>oral half of the ijc^iLiteral retina 
and the nasal half of the contralateral retina aro illuminated, tliough 
the retlex remains clieilablo from tho other half of each retina. 
Homonymous hcuiianopiaduc to u lesion of (he u])tic tract cun sonic* 
times thus be dlstinguislic'd from a similar hemiaimpia due to a 
lesion of the optic radiation wliichdocs not lutemipt the light reflex. 
(Wernicke’s hcuiianopic reaction ) 

3 Ceidrcl LcstoM. There is aliimdant evidence that reflex irido* 
plcgia may bo pn}<iuccd by lesions of (be npiicr jvirt of tho tnhibrain. 
It has been observed m c<ises of tumour involving this region, os a 
result of vascular lesions, in encephalitis Icthargic-ii, as n rare mani* 
festation of disscoiioatctl sclerosis and syringonivdiH, in nleubolic 
poljueuritU, diabetes melblus, chronic h>pcrlropiiiu interstitial 
neuritis, and as & result of a trdumatic icatoa of the up]*er midbrain. 
Sj'phibs IS, of course, far the commonest cause of the Argjll Itobert* 
son pupil as above defined, w bicb is usually present ui general i>araly* 
Bis and tabes and frcciuently in meuingo-vascular syphilis. The site 
of the lesion responsible fur this sign in s^'philis of the nervous system 
13 disxmled, but the most plausible b^iwlhc-sis would place it in the 
tipper half of the midbrain, near tbo aqueduct of Sylvius, whero it 
may bo supposed to interrupt the fibres approaching tho irido- 
constrictor nucleus. 

4 Lesiaiia of the Motor Path. It is stated that lesions of tho third 
nerve may abolish the reaction of tho {Xipil to light without that on 
accommodation-convergence. Such a dbsociation caa uiuiuestion* 
ably occur as a result of lesions in or bebmd tbo eye, and it bas been 
described m a number of cases of trauma involving the cjo. 

Jlyosis 18 not necessarily asbociated with lo&s of tho pupillarj" light 
reflex. Tho Argyll Robertson pupil of tabes, however, is mueli eon* 
tracted, and its constriction ia due to associated inv oh cment of the 
descending fibres of the ocular sympathetic which also explains tho 
loss of reflex dilatation in response to painful stimuli, and the ptosis, 
so characteristic iii tabes 
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Tonic Pupils and Absent Tendon Rcticxes. 

A syndrome of unknown) .ictiology and pathology 
ohtifacterized in its fnlly tJcvelojxsl form by abnormalities m tho 
reactions of one or hotli pupiU to light and accommodation and 
nbsciico of the tendon rcHexcs. The features of tho tonic pupd were 
first deacribod by Ware in 1813. They were rediscovenxl in 1U02 by 
^tMoburger and Saenger mdc)>ciidcntly. An c.\an)plo of the complete 
syndrome was shown by Markus in 1903. Onr present knowlodgo 
18 biswl uiKHi clinical obs^rvalioiw of Foster Moore (1924, 1031), 
Holmes (1931), and Adio (1931 a, 1931 b. and 1032) 

Synonym. Adio’s syndrome. 

Aetiology. 

The disorder occura almast cechwively in females and the age of 
onset IS usually during tbe third dcc<wlo. llcyond tliis nothing is 
known as (o its aetiology. It is entirely unrelated to syphilis 

Symptoms. 

The onset is usually sudden, the patient or her friends noticing 
that one pupil has become lai^cr than tho other. Soraetimes tho first 
complaint is of niistiiicsa of vision in oiio eye. Tho pupillary ab- 
normality is imilatcral in about 80 per cent, of cases. The affected 
is ruorlerafcl}'' dilated iiad is thcpcfaro usasUy huger tisan its 
fellow. Wien tested by ordinary methods tho reaction of the affected 
pupil to light, botJi ilirect and coosensuaJ, is cither completely or 
almost completely absent- Sometimes, however, a sluggish reaction 
to light can bo elicited after the patient has remained in a dark room 
for about half an hour. Tho cliaracteristic feature, however, is tho 
response of tho pupil to convergence. Whereas a hasty examination 
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mav suggest that the pupil does not react at all on convergence, 
nevertheless if the patient be made to gaze fixedly at a near object 
the pupil, sometimes after shght delay, contracts very slowly through 
a range which is often greater than normal, m that the affected pupil 
actually becomes smaller than the normal one. MTicn convergence 
13 relaxed dilatation of Uicpnpil begins either at once or after a slight 
delay and proceeds even more slowly than contraction. This is the 
tonic pupiUarj’ reaction. 

The tonic pupillary' reaction, however, is not al\va3'3 present but 
may be replaced by sluggishness or even absence of the reaction on 
conve^ence. The pupil may thus be fixed to light and on conver- 
gence. Accommodation may also be tonic so that after the gaze has 
been fixed on a neat object some seconds may elaj^tsc before this 
becomes clear. 

&ome abnormahty in tbe tendon reflexes is usually prc.scnt, the 
ankle jerks, knee jerks, and arm jerks being diminisbcil or lost in this 
order of frequency. Occasionally the tonic pupil occurs mth normal 
reflexes or, less frequently, normal pupils with absent tendon reflexes, 
Xo other abnormality is found in tbo nervous system or elsciihcro. 

Diagnosis. 

It a important to distingiildi tbe tonic pupil from tbe Argyll 
Robertson pupil, but this is not difficult if it is borne in mind that the 
.frg}'Il Rolxrtson pupil is smaller than nonnal, does not react to 
light, and reacts promptly and fully on convergence, and dilates 
incompletely to mydriatics, differing in all these respects from tho 
typical tonic pupil. 

Prognosis. 

The simdrome is permanent but has no ill effect bej ond the incon- 
venience attaching to tonic accommodation. Patients have been ob- 
served in whom the condition of tbo pupil has remained uuchanged for 
thirty or forty years. Occasionally it bpoiitaneously changes its size 
and, rarely, the other o becomes affected some time after tho fir^t. 

Treatment. 

Xo treatment is of any value. 
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Tire Innervation op the Evelids 
Two muacies act as levators of the ujijier ejelicl, tho levator 
piilpebrao auperioria, winch is iimcrvatcd by tho lliirti nerve, and 
JIuller’s palpebral muscle, jwrt of the smootli muscle of tho orbit, 
which reccitea its nerve-supply from tho cervical sympathetic. 
Closure of the lids is brought about by the orbicularis oculi, the 
motor nerve of which is the facial. 

Retraction of the Upper Lid. 

Retraction of the iipitcr lid is a not uncommon abnormality 
attnbutahlo to a telativo or absolute shortening of the elevating 
muscles, perhaps especially of the smooth unisclo. When present it is 
exaggerated when the patient voluntarily elevates liis cjea, and it is 
rcsponsibio for tlio lag of tho upper hd in following tho downward 
movement of tho eye, which is know-n as 'von Graefe’s sign’. Lid 
retraction is most frequently encountered in exophthalmic goitre, 
but, ns Collier has pointed out, it may bo produced by a lesion in tho 
upper part of tiie niidbrain, especially one involving the posterior 
commissure It may follow a vascular lesion in this situation and it 
isnlsoinetwitl] in tabes, disscminatcdsclerosis.encephalitislcthargica 
(especially the Parkinsonian form), tumour of tho midbrain, and as 
a congemtal abnormality. 

Retraction of the uiipcr lid may bo unilateral or bilateral and may 
occur with or without exophthalmos When it is duo to a lesion in 
tho upper part of tho midbrain it may be associated with weakness 
of conjugate elevation of the eyes or with rcilcx iridoplegia. 

Ptosis of the Upper Lid. 

Ptosis of the upper lid may be the result of paralysis of cither 
the levator palfiebrao siipcrioris or of the orbital smooth muscio 
111 the latter case the droopuig of the lid is comparatively slight. 
CcpWiYAetCi of tlvolwaioi, Vwwfovot, cawaoa. oioswio of iho oyo 

It is necessary to distinguish between ptosis due to a lesion of tho 
sympathetic and that due to paresis of the levator. This may be done 
by observing tho reaction of the lid when tho patient voluntarily 
elevates the eyes. ^onihiUy, elevation of the upper lid occurs as an 
associated movement with elevation of the eyes. In ptosis of sym- 
pathetic origin the amplitude of this associated movement is normal 
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Inptoswdue to paresUof tlioleratoritiadimiiiiahtd. O\er-action of 
tlie frontalis muscle is commonly present iu a patient nith ptosis. 
This muscle normally contracts in asaomtion with tlie levator 
palpebrae, and when tlie latter muscle is paralysed the increased 
effort made by the patient to derate the lid involves an incrcasctl 
contraction of the frontalis muscle, physiologically comparable to 
secondary deviation of a conjugate ocular muscle in paralytic stra- 
bismus Paralysis of the levator may be duo to a lesion involving the 
nucleus of the third nerve or the third nerve-tninh or its superior 
division \nthin the orbit or to disorder of function at the myoneural 
junction in myasthenia gravis. It may be congenital. A lesion of 
the ocular sympathetic responsible for ptosis may occur within the 
brain-stem, spinal cord, and eighth cervical and first and second 
dorsal anterior roots and spina] nerves, and the cervical sympathetic 
trunk. It is usually assodatedwith other signs of ocular sympathetic 
paralysis, namely, inyosis and enophthalmos. 

Exophthalmos and Enophtbalmos. 

The smooth muscle of the orbit is norautlly in a state of buHicient 
tonic contraction to jiroduce some protrusion of (he ey eball. P.iraly bis 
of this muscle causes slight enophtbalmos: it is less certoin that 
exophthalmos is ever due to its over-activity. Tlie commoner causes 
of exophthalmos are (1) exophthalmic goitre; and (2) the closely’ 
associated exophthalmic ophthalmoplegia; (3) primary tumours 
within the orbit, especially of the optic nerve and its sheath; (4) 
diseases of the nasal air sinuses, empyema, mucocele, and carcinoma ; 
(5) retro-orbital intracranial tumours, especially meningiomas and 
aneurysms, (6) orbital cellulitis, (7) thrombobis of the cavernous 
sinus, and (8) carotid-cavernous sinus aneurysm. Less common 
causes are craiuo-stcnosis, Christian Schuller’s disease, cliloroma, and 
metastatic tumour of the suprarenal (Hutchison type). 
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9. SPEECH AND ITS DISORDERS 
Thi: Nature of Subecu 
Psychological Considerations. 

Speech is an extremely complex activity. In order to understand 
its nature it is necessary to trace its development in the individual 
from infancy Tho first step in the development of speech occurs 
^\hcn tile young infaut/hegins to as'^ciate sounds with tiie perception 
of objects, for example, when its nurxc shows it a cat and says ' pussy 
the sounds which form 'pussy' become associated with tho visual 
images aroused by the sight of the eat. In tiie case of common objects 
other images, tactile, auditory, olfactory, and gustatory, combine 
with visual images in the jierception of the object, and these become 
associated with those heard sounds whicliconstitute its name. Nouns, 
i.e names of objects, arc the simplest parts of speech and those w Inch 
are learned first. Other words— adjectives, verbs, prepositions, &c — 
jii Volvo tho association of sounds inth a greater degree of abstraction 
from tho perceptual situation. As a child learns to speak it endeavours 
to reproduce the sounds which it hears and thus Anaesthetic sensa- 
tions derived from the muscles of articulation become associated with 
the sounds produced by the siieaker’s voice. Ilhtorato individuals 
never pass beyond this stage in the development of speech. 

When tho child learns to re.id it docs so by associating visual signs, 
i e letters and words, with tho sounds which it has already learned 
Through reading aloud, written words become linked with heard 
words and with tho kinaesthetic sensations of speech. In wnting, 
movements of tho hand are employed to reproduce visual signs similar 
to tiiose wliich for/n tho b.isis of rcailing Sinco in UTituig one read.? 
as one wTites there exists a close link between the perception of the 
visual signs which constitute letters and words and the kinacbthetio 
sensations derived from the fingers 

Words therefore are symbols. A spoken word is to tho liearer an 
auditory symbol of an object, action, or rclationsliip ; a written word 
in tho first instance acquires its symbolic significance tlirough its 
association with hoard speech, that is, syniboUc sounds. \Vord3 as 
symbols possess meanings, but these meanings are of an elementary 
nature. In fully developeil speech individual words possess signifi- 
canco only in relationship with other words. Tho unit of meaning 
is then a sentence or even a series of sentences. Speech, therefore, 
is the connmmication of meanings by means of symbols, which 
usually take the form of sicken or wntlcn words. Jleanmg may, 
however, be communicated by gesture, and gesture meanings have 
been especially elaborated in the manual speech of tho deaf and 
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dumb. In reading Braille printing the blind utilize tactile instead of 
visual sensations Mathematics and music al*o involve tlio use of 
written symbols. 

Hughluigs Jackson first pointed out that speech is not always 
used fcfT the comTEronicatitai of speeth, aa 

he called it — but may also constitute the expression of feeling, in 
which case it may have no propositional value. 

How far is thought dependent upon speech? It has been main- 
tained that we think in uords and that normal speech functions arc 
therefore necessarj' for thought. The proces3''of logical thought is 
probably’ subject to large inchvidual variations depending upon 
whether the thinker chiefly utilizes visual or auihtory images. It 
appears to be true, however, that internal verba] formulation is not 
necessary’, at least for the simpler forms of logical thought. It is 
probably required for more abstract thinking and Is neccs.sary for 
the commumcation of the products of thought to others. 

Physiological and <Vnatomical Considerations. 

At the psychological level the meaning of a written or a spoken 
word is the outcome of the asaociation of the given visual and audi- 
tory sensations ^nth other forms of sensation in thepaAt. A meaning 
is thus based upon a constellatioa of associations boilt up by ex> 
pericncc. At the phj siological and anatomical le\ els the basis of such 
meanings is presumably a linkage of neurones. Visual impulses reacli 
the cerebral cortex in the region ofthe calcarine fissure of thcocdpiUl 
lobes ; auditory impulses in the posterior part of the 8U|ierior temjiora) 
convolution. Kinaestbetic impulses from the muscles of articulation 
and from the upper limb terminate m tbe lower half of the post- 
central convolution. It is to be expected therefore that the ana- 
tomical linkages of neurones upon which verbal meanings depend 
will join together these regions of the eerebral cortex, and Uicse are 
found in the tracts of white matter known as association fibres winch 
underlie the grey matter of the cerebral cortex. 

For reasons which are little understood about DO l>er cent, of 
persons are nght-handed, and in these the left cerebral hemisphere 
plays the predominant role in speech. The right hemisphere does 
so in theremamder The important associationul paths just described 
are therefore situated in the left licmUpbere in right-handed jicrs^ons, 
Wv ^w^wT^«A to Wit lewjfcwn opim V« -a'lso tvadn 

the auditorj- and visual regions of the right cerebnil cortc.x, wliieli 
are linked to tbe left hemisphere by paths pas.«iiig through the corpus 
callosum IMiether the right hemisphere plays any further juirt in 
speech is problematical, though it has been credited with some 
jwwer to compensate for deficiencies in the functions of tbe lelt, and 
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lias also been held responsible few some symiitoms in patients suffer- 
ing from aphasia. 

The posterior half of the left cerebral hemisphero is thus the site 
of those neuroiiic linkages which underlie the elaboration of meanings 
in response to auditory and visual stimuli, i.e. the comprehension of 
heard and ^v^itten speech. Since articulated speech is the expression 
of meanings it must bo the outcome of the activity of a part of 
the brain uiiich at least overlaps tliat concerned in the reception of 
speecli, for the anatomical basis of meanings is common to both. 
Articulation involves movements of the jaw, lips, tongue, palate, 
larynx, and of the respiratory muscles, which are represented in the 
lowest pirt of the preceiitral convolution. If meanings are to gain 
articulate expression the posterior half of the left hemisphero must 
be linked to the lowest part of the procentral convolution. An im- 
portant part m this association is played by the external capsule, 
whjeli is a hand of white matter running from the tip of tlie temporal 
lobe beneath the cortex of the island of Reil to the lower part of tlio 
precentral convolution and the posterior part of the second and third 
frontal convolutions. Speech requires co-ordinate bilateral move- 
ments of the muscles of articulation, and this co-ordination is effected 
by fibres passing from tho lower fKirt of the left frontal lobe to the 
corresponding region of tho rigiit hemisphero by the corpus callosum. 
Erom the low er part of tho precentral convolutiojis the motor fibres 
concerned in articulation pass downwards in tlie ])yramidal tracts 
and after decussation end in the trigeminal and f^acial nuclei, tho 
nuclei ambigui and,the hypoglossal nuclei m the pons and medulla, 
whence the lower motor neurones run in the corresponding cranial 
nerves to the lips, soft palate, tongue, and larynx. Cortico-spinal 
fibres similarly innervate the diaphragm and intercostal muscles, 
its in the case of other motor activities, tho cerebellum exercises a 
co-ordinating and regulating inlliience upon articulation. 


Dysartiieia 

We arc now in a position to draw a distinction betw ecu speech and 
articulation. Speech is the tenn employed for tho whole process by 
w Inch meamngs are comprehended and expressed in words. Articula- 
tion is the motor function whereby words, having been formulated 
are converted into sounds. Dysarthna is a disorder of articulation 
It therefore docs not involve any disturbance in tho proper construc- 
tion and use of words. In the dysarthrio patient syunbolic verbal 
formulation is normal. Only the mecliaulsm of verbal sound produc- 
tion is faulty’. When this is so severely affected that tho patient is 
totally unable to articulate, ho is said to be anarthric. 
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The following are the principal causes of dj'sarthria: 

(1) Upper Motor Neurone Lesions. 

The articulatory muscles on cadi side appear to be innervated by 
both cerebral hemispheres. Hence a unilateral pjTamidal lesion, for 
example m the internal capsule, does not cause permanent dysarthria. 
D^-sarthria is produced, botrever, by bilateral pyramidal lesions, due, 
for example, to congenital dipleg^, vascular Ic.'^ions of both internal 
capsules, degeneration of both pjTamidal tracts, as in amyotrophic 
lateral sclerosis, and lesions such as tumours involving both pyramidal 
tracts together m the midbrain. Following such lesions the articu- 
latory muscles are weak and spastic and the tongue appears smaller 
and firmer than normal The jaw-jerk and the palatal and ph.srjTigeal 
reflexes are exaggerated. Speech is slurred, production of consonants, 
espcciall}’ labials and dentals, being severely affected. Spastic dys-ir- 
thriaisusuaUy associated with d\3phagia and often with impairment 
of voluntary control over emotional expression, a syndrome which 
has eceived the unsati&factoiy name of 'pseudo-bulbar palsy'. 

(2) Parkinsonism. 

In Parkinsonism articulation is impaired, partly as a result of 
muscular ngidity Thus in bepato-ienticulir degeneration and in 
Parkinsonism articulation is slow and slurred o\Ting to immobility 
of the lips and tongue and the pitch of the voice is monotonous. In 
se\ere cases speech may be unintelligible. 

(3) Disorders of Co-ordination. ' 

The CO ordination of articulation suffers severely when the vermis 
of the ccrebellom is damaged and also when lesions involve the cere- 
bellar connexions in the brain-stem. Speech in such cases is often 
explosive and associated with violent grimaces. Syllables may be 
slurred or unduly separated — scaniung or syllabic speech. Ataxic 
dysarthria of tius character is seen after acute lesions of the cere- 
bellar vermis and in dhiseimoated sclerosisand the LerethUry ataxias. 
Ataxic speech also occurs in chorea and athetosis and in these dis- 
orders irregular respiration contributes to the dj'sarthria. 

(4) Loner Motor Neurone Lesions. 

Lower motor neurone lesions cause wasting and weakness of the 
muscles of articulation. In the early stages the pronunciation of 
labials suffers most Later progressive weakness of the tongue iin- 
pairs the production of dentals anci gutturals, and weakness of the 
soft palate gives the voice a nasal quality. To this may be added 
impairment of phonation and finally speech becomes completely 
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impoasible. Progressive bulbar palsy is the coniuionost example of 
this It may also occur in syringobulbia and polyneuritis craiiialis. 

Combinations of these varieties of dysartluia are common, for 
example, in disseminated sclerosis the articulatory muscles may bo 
both spastic and ataxic and in amyotrophic lateral sclerosis a com- 
bination of upjier and lower motor neurone lesions may be present. 

(5) Myopathies. 

Disease of the muscles, such as occurs in myasthenia gravis and 
facial muscular dystrophy, leads to dysarthria similar to tliat result- 
ing from lesions of the lower motor neurones. In myasthenia 
fatiguabjlity may cause incrcaslug slurring of speech if the patient 
is asked to count. In the myotoni.i3 tonic muscular contraction may 
add a spastic cliaractcr to the speech. 

Treatment. 

Little can bo done when dysarthria is duo to a progressive dis- 
order, but in ciiildrcn sudering from congenital lUpIegia, athetosis, 
and chorea much can bo accomplishcil. Speech training must con- 
sist of (1) vocal gymnastics, (2) breathing exercises, and (3) the 
practico of muscular relaxation, and should bo combined with 
general remedial physical exercises. 

Palilalia 

Palilalia is a rare disordcrof speech, the nature of which is obscure 
As Its name implies (pah'», again , lalein, to chatter), it is cliaracterized 
by repetition of a phrase wJiich the patient reiterates with increasing 
rapidity. Palilalia most frequently Occurs as a symptom of the 
Parkinsonian syndrome following encephalitis lethargica and in 
pseudo-bulbar palsy due to vascular lesions. In one of my patients 
it occurred as a temporary phenomenon as a result of compression 
of the medulla. It is difficult to undeistand why a lesion involvmg 
the lower motor mechanisms of speech should cause a disorder of tiie 
formation of phrases. 

Mutism 

Mufjsm is fie ferxn appKed U) a complete Joss of speech in a con- 
scious patient in the absence of orgamc disease of the nervous system. 
It occurs in the psychoses, for example in cyclothymia, as a result of 
extreme depression or mental retardation, and in schizophrenia. It is 
also met with in hysteria. Ih the psyciu^es the severity' of the mental 
disorder is always apparent and the mute patient is usually unable 
to wTite. In hysterical mutism other hysterical symptoms such as 
convulsions, rigidity, and anaesthesia aro usually present. 
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Tlie treatment of li^btencalmutiinimvolrca the general treatment 
of the hjsterical state, see p. 910. The treatment of the sjTuptom 
consists of re-education in speech, the patient being shorni how to 
place his bps and tongue, then induced to phonato and so convinced 
that he is able to speak. 

jVraoMA 

In aphonia phonation u lost but articulation is prescired ; hence 
the patient talks man hisper. .dphonia may be the result of organic 
disease causing bilateral paralysis of the adductors of the vocal cords 
(see p. 199) or of disease of the larjTis, for es^ample, laiyngitis. It is 
most commonly a sjmptom of hysteria, in which case the patient, 
though unable to phonate w hen speaking, can do so w hen coughing. 

The treatment of hysterical aphonia involves the general treatment 
of the hysterical state, see p. 916, and re-education in phonation. 
By making the patient modulate bis cough he can be brouglit to 
phonate vowels at different pitches and can then be inducol to com- 
bme these inth the consonants uliich ho is abb to whisper. A time* 
honoured method of treating hysterical aphonia is the application of 
faradUm to the pharynx. Thiseheita from the patient a cryV^^hbh is 
used to convince him that he can still speak. 

Stottebc^o 

Definition. 

A disturbance of articulation not caused by organic nervous 
disease bnt closely* linked mlb Icft-handcdne&s and cliamcterizcil by* 
abrupt intcrtuptioos of the flow of speech or the tepetUiou of sounds 
or syllables. 

Aetiology. 

The close association of stuttering with left-handcdness indicates 
that in many cases it possesses an anatomico-pliy&iological basis. 
Orton states that stuttering children fall into four groups: (1) those m 
whom an enforced shift from the left to the right hand has been 
carried out by parents or nuxso; (2) those who have been slow in 
selecting a master-band and show conriderableintcrgmding ; (3) tho'>e 
w ho fulfil neither of these conditions and have a strong family history 
of stuttering; and (4) those with no shift of handetlncss and no 
family* history of stuttenng. In this group, however, other tyjics of 
speech defect or left-handedness can usually ho found in the family. 
Moreover, stuttering usually begins cither at the ago of two or thiee 
when the child is begimung to talk and to develop a m.-istcr hand or 
between the ages of six and right in a cluld that has hitherto sjiokcn 
fluently, i c. at the age at which reading and WTitiiig are being 
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.acquired. It is Uuis de.'ir that the localization of tlio speech ‘cejitrcs’ 
in the right cerebral liemiaphere tends to cause stuttering, especially 
if tho dominance of the right hemisphere is impaired by an attempt 
to make the right tho master hand. 

The role of neurosis is diflicult to assess hinco stuttering in itself is 
likely to evoke shyness and neurotic reactions. Orton m.iintains that 
child stutterers A\ho arc investigated before tho overlay of neurosis 
has develoi>ed show no more psychological abnormalities than other 
cliildren. Bo^s suffer four times as often as girls. 

Symptoms. 

The flow of speech may be broken by pauses, during ivhzch it is 
entirely arrested, or by tlio rcpctitioii of sounds or syllables. Tho 
pauso may be filled with grmits or hisses and stuttering is frequently 
associated u ith facial contractions or tics involving the limbs or oven 
tho whole body. Dentals (t, d), labials (p, h), and gutturals {k and 
hard (/) axe the consonants which arc usually tho most troublesome to 
tho stutterer, especially when they occur at tlio beginning of n word. 
Stutterers often go out of their way to avoid certain words by 
reconstructing sentences ami may employ tricks to enable them to 
achieve correct pronunciation, for example spelling a word before 
pronouncing it. Tiiey can usually sing and may bo able to recite 
without hesitancy. 

Prognosis. 

Jlild stuttering tends to disajipcar spontaneously. In severe cases 
considerable improvement and oflcQ complete cure can be achieved 
by thorough treatment. 

Treatment. 

When stuttering occurs in a left-handed child who has been made 
to xiiiO the right hand, a return to left-handedness often produces 
great improvement. Ro-cdiication of speech by a trained teacher is 
essential. Abnormalities in tlio upper respiratory passages, if present, 
should first receive approinriate treatment. Tho role of muscular 
spasm in tho production of stuttering must be explained to tho 
patient, who should be taught to practiso relaxation of tho muscles 
concerned in speech. Relaxation should be followed by breathing 
exercises and by vocal gymnastics, exorcises being prescribed in 
w'liich the iips, tonguo, jaw, and palate are moved wathout the pro- 
duction of sounds. Later tlie patient begins to practiso words, and 
articulation may at first be facilitated by various devices such as sing- 
ing, or sjKaking through a megaphone or in time witli a metronome. 

In children psychological difficulties at home and at school should 
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be inquired for, and in adults pqrtdioli^cal treatment may be re- 
quired to straighten a warped peraonality. At all ages suggestion 
^TO of the faith and enthusiasm of the teacher is an c&sent ial element 
in treatment 


Afbasia 

Aphasia is the term applied to disorders of the comprehension and 
expression of meanings hy means of the symbols emploj-cd in sjieech. 
Since aphasia stnctly interpreted means absence of speech, dysphasia 
IS sometimes employed. Tiie present state of our knowledge — or 
Ignorance— of disturbances of the function of speech has been well 
characterized by Head as ‘ebaos*. Tbc terminology emplo^ixl in the 
description of aphasia is still to a large extent in bondage to old- 
fashioned views concemmg the psychological nature of speech and 
outuom conceptions of cerebral localization. Confusion is increased 
by the fact that different inrestigators have been animated by 
diifcrcnt motives. Some, especially the earlier workers, taking 
localized cerebral lesions as their starting-point, have sought to 
discover corresponding forms of aphasia, while others have begun 
at the other end by aoalysiog aphasia as a disturbanco of function. 
Tlie difficulties of the problem are enhanced by the facts that 
speech U an extremely complex function, that there aro marked 
individual variations in intelligence and in the uso of images, and 
that the lesions responsible for aphasb aro frequently largo and 
inasairo. 

It would appear least confusing and most in accord with modem 
neurological conceptions to consider aphasia lirst as a disturbance 
of function and then to inquire how far disturbance of function can 
bo coiTcluteil ^vitb cerebral loc.dization. 

As we have seen, IK) per cent, of ix-rsons are right-handed and in 
these aphasi.'i is product only by a lesion inmlving tlio left cerebral 
lieuiisphcre In the remaining 10 per cent, the reverso i.i true. 
Exceptions to this rule occasionally occur. For example, aphasia 
may bo produced by a lesion oftbe right hemisphere in an apparently 
nght-banded individual, but in such ca.scs it has sometimea been 
found tb.at the p-iticnt belongs to a Icft-handcil stock and may there- 
fore be assumed to possess a nglit-sidcd localization of his speech 
function lie hitve already deiaonslrat&l how the coiapKiionsson of 
speech depends upon the interpretation ofauditory and visual iuiage.s 
uhicli reach consciousness through the agency of sensory* impul^s, 
urriiing at the auditory cortex in the temjioral IoI>o and the vi«iiul 
cortex in the occipital lobe The cxjtression of speech by means of 
sounds requires the a< tivity of motor neurones situate)! in the lower 
part of the precentral convolution. It follows that lesions situated 
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jW'tfrioHy lo (lie fiMiirouri{o]<in(Joan>Iikdy todi-itiirb tho ('Oiii[/ro~ 
lieiision of bjK-oi'h more tliim ita ux|trcaaion, \vliito tliu roverao is true 
of JebioijaftitiialcHl in front of thoJiasuro of JJoIaJido. Itia tJiiis useful 
to dietiiigiiish between 'w-'iisory’ or ‘reecplivo’ iiplia-sia and ‘motor’ 
or ‘ex})re&>ivo' a])hnbia, but tbia diatmetjun ia not abnolutc. Ono 
(if lIcad’H must valuablo (.•ontribntioiis to the e.tudy of aplmsia haa 
iiccn liU ilumondration that when ajiceeb is dibliirbcii the samo ty;io 
of disturbaiK^ underlies both tomi>rchfn.sion and expression. Tho 
follow inj' (lasaiiication of forms of aphasia is based u]>Qn Head’s 
work. 

Verbal Aphasia (Motor Aphasia). 

In verbal uphabla tho expressivo ixs|)cct of sjieeth btiirers severely. 
In severe imscs the iwtieiit may bo completely sjioeehless or able to 
say only ‘ yes' and ‘ no and e\ cn thoi«j w onls may bo inappropriately 
us^ and cannot bo reiicatcd to order Emotional sjiocch suffers lens 
than ‘proiiositiunal’, and an otherwise almo^t sjic-cchlcsa individual 
may be uhlo to swear or utter other emotional ejaculations. With 
improvement tho ]iower of expresnion gradually returns, but speech 
18 slow, interrupted by jiauses, and words arc hailly pronounced. 
]*ol}sylIable3 tend to bo slurred. Thu signifie.tncu of wo^s ns names 
in unirtipjired, however, and grammar is unaffectixJ. In rcadtngalotid 
s]x ech sutlers in the same way ns in s|K>ntanouUH utterance. In wiiting 
also the {latient exfiibits errors in yctIm} forintilntion. Written words 
tend to bo incompk'tu and 8|)clluig is defectice. Su]Kriiciul)y tho 
comjirehcnsion of bot)i lieanl and htiIIcd sjx'ecJi may ajijiear to ho 
normal. XcNcrtlielcss, tluaxi is often difliculty in grasping complex 
meanings, jirobably bccauso tlm jKdient’s jiowcr of internal verbal 
formulation is faulty. 

There is general agreement that verbal aphasia b usually pni- 
duttH.1 by lesions situated in tho jKtelenor part of tho third frontal 
convolution (Broca's area) and tho lower part of tho precentral 
convolution. 

Nominal Aphasia (Amnestic Aphasia). 

In nominal aphasia the juticni suffers from un inability to appre- 
ciate tbo symboKo signiHe&nio of •mones. Thia is most evident w hen 
ho b a-sked to namo an object which is held before him. In severe 
cases ho is quite iinahlo to do so; in milder cases ho succeeds with 
familiar, hut fails with less familiar, objects. Charactcrbtically ho 
rejects a wrong name suggested by Uio examiner. Ho usually insbts 
that ho know s w bat tlie object is, but cannot namo it, and frequently 
attempts to convey hisrecognjtion by aomoperjphrasb. For example, 
a patient suffering from nominal aphasia when shown a pair of 
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sj»ccUcles jKimtctl to IiU cars and sa^, 'TLat's «liat jou put on. 
Shows more strongly for 3«iuftelf. If you cannot enough, «j 
3'ou put it on.’ 

The structure of words is not impaired. Writing exhibits the same 
nominal defect as articulated spcccli. ’tliere is much diilicultj' in 
comprehending spoken and wnttcn language o%ving to failure to 
recognize the meaning of words. 

N'nmin.il aphasia in its mildest forms is a common rli^turhanco of 
function and may occur aa a result ofnervousnesa, fatigue, into.rica- 
lion, or senilitj*. It is usually present in a severe degree after lesions 
involving the angular gjTus, but it may nl>o be protluccd by lesions 
of the temporal and frontal lobes. Tlic milder degrees of nominal 
aphasia, therefore, po&^ess little value in the localization of a 
cerebral lesion. 

Syntactical Aphasia (Jartlon Aphasia, Agrammatism). 

Syntactical aphasia is the term applied by Head to a dieturbanco 
of speech in uhicli grammatical coherence L particulsriy'disturhed, 
ngrammatLain or poragrammatisoi. Single words may be comjiro- 
bensible, hut their grammatical relationships are dcTectUe. The 
patient is often voluble and in severe eases |>oun fortli a blrcani of 
jargon. Paraphasia, that is.tho utterance of Don>cxistcDt or incorrect 
words, is common. The comprehension of sjiokcn siiccch is impaired. 
Reading is little affected sod the patient cun usually understand 
what be reads silently, though if bo reads aloud ho mt-iy be confu-sed 
by tbo inaccuracies in his verbal expression of what ho secs. Writing 
is Usually less affected than articulato sjieech. Syntactical aphasia is 
commonly associated with locons i/ivoh ing (he posterior port of (he 
temporal lobe. 

Semantic Aphasia. 

Semantic aphasia is the term applied by Xfeod to x disorder of 
speech charactcaza] by a dhturbanco of appreciation of moaning 
at its highest levels. Xlicro is little defect of articulated rpcccli. The 
patient grasps the details of spoken laugu.tgc but falls to andcn>L>mtl 
the general signilicanco of what bo bears. A similar defect occum in 
reading Tho affected mdividual may be able to roail accurately n 
passage from a ncfr»pu|icr and yvt may bo quite unable to giio an 
account of it afterwards. In ecmantio aphasia speech defect apjieaia 
to merge mto a defect of general intelligence. Hcoil considers that 
this tj-jio of aphasia is roust frequently* aa.w>ciatcd with a leiiion of tho 
supramarginal gyrus. 

It will bale been seen that in the ta.** of oo-calletl motor aphaida 
tberc is little difference between ilcad's riews and tboco of earlier 
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workers. In dealing with scni>oiy, or receptive, aphasia, however. 
Head cinplinsizcs the fact that a binglo disturbance of function under- 
lies tho disorganization of both tho receptive and the exi)reasivo 
elements of speech. Valuable as tliis approach to tho subject is, for 
practical purposes clinicians will no doubt continue to employ a 
classification of speech disorders in which the most prominent dis- 
turbance of function is found to bo of localizing sigiiificance. On this 
practical but less scientific basis there is still room for tho concep- 
tions of word-blindness and word-deafness. 

U'ord-iiZindHcaa. Word-hlindncss, or alexia, is the term applied to 
a form of receptive or sensory aphasia in which tho predominant 
disturbance of function is an imp.atriucnt of tho appreciation of tho 
meaning of written speech. This disorder may bo more or less pro- 
found. In its most severe form the patient is unable to recognize 
the nature of wTitten 8[)ecch as speech. Written words possess no 
meaning for him. Such patients have been described as ‘word-gjght- 
blind’. Wlien tho disturbance of function is less severe, words are 
recognized as words and tho patient may be able to read aloud, but 
ho fails to appreciate the meaning of what be reads — ‘ word-moardng- 
bbndness’. Impairment of the appreciation of written speech 
seriously interferes ^vith wTiting. Word-blindness is commonly a 
symptom of a lesion of tho left i>arieto-occipital region, especially of 
the angular gyrus. 

JVord’deafness. Word-dcafiicss is a form of rccoptu'e or sensory 
aphasia in which tho comprehension of spoken speech is seriously 
impaired. As in the case of word-blindncse, the disturbance of func- 
tion may bo more or less severe. In tbo most severe forms tho patient, 
although not deaf, may not distinguish the sounds of words from 
otlier sounds. Ho may still bo able to read, \vrite, and speak with 
fair accuracy, though ho caiuiot repeat words w hich he hears or write 
from dictation. When tho disturbance of function is less severe tho 
patient distinguishes words from other sounds and may be able to 
repeat them, but fails altogether to recognize that they possess mean- 
ing. These two forms of word-deafness are distinguished as ‘word- 
sound-deafness’ and * w ord-mcaning-deafness ’. The latter is the form 
of aphasia most frequently associated with edtolalia, the term ap- 
plied to tho repetition by tho patient of words spoken to him Such 
a patient, if aUied, ‘How are you to-day ?’ replies, ‘How are you to- 
day ? ’ Word -deafness is usually thexesult of lesions of the middle and 
posterior portions of the tiiird temporal convolution on tho left side. 

Agraphia, Agraphia is tho term applied to a loss of the ability 
to express meanings in ivritten language. To establish the presence 
of agraphia, irhicli is not infrequcaitly associated with paralysis of 
the right arm, it must bo shoivn that the patient camiot write with 
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the left h-uid. Wntiiig is a complex function cla‘>t‘Iy related to the 
compretiensioii of wnttcii bpcccli, and a patient «ho suffers from 
wonl-blindness is usually aL ;0 unable to write correctly. In the ab- 
sence of word-blindncss agraphia is most frequently the rcault of a 
lesion in tbe posterior ii-irt of the second ixontal convolution, which 
interferes with nervous impulses reaching tho area of the iirecentral 
convolution coneemod in moiemcnts of the hand. Such a h-siun no 
doubt was responsible for tlie a&sooiatioq of agrapbia witb apha-'ia in 
the case of Dr. Samuel Johnson, who, writing to Mrs.llirale two days 
after tiis ‘stroke’, said: ‘In penning this note, I had some dilliculty; 
my hand, I knew not Low nor why, made wrong letters-' 

Acalculia Acalculia is the term applied to a defect in the use of 
mathematical symbols which is usually present in aphasia of tho 
expressive type. 

Amusiu Amusia, the tenu applied to a defect of mu'-ical cxpies- 
sion or appreciation when due to a cerebral lesion, Lkc aphasia mat' 
be either cxpressiie or reoeptne. It is rarer than aphasia and may 
sometimes follow a nght-sided lesion in a right-handed jicrson. 

Examination of a Patient with Aphasia. 

Examination of a patient with aphasia requires caro and ]).iticneo 
and should be cam^ out in a bystcmatic manner. The following 
scheme of iavestigatioa advocated by Colhcr fiilhls all ordinary 
clinical requirements. ^ 

(1) Is tbe patient nght- or left-handed, .and, if the latter, did ho 
write with the ngbt hand? (2) \Vh.at was tbe state of education a.s 
regards reading, wTitiog, and foreign tongues? (3) Docs he under- 
stand the nature and u.scs of objects, and can be understand paiito- 
mime and g^ture, or express his wants thereby? (4)Iahedeaf? If 
so, to what extent and on one or both sides ? (5) Can ho recognize 
ordmarysoundsandnoises ? (ClCanbecomprchendlanguagespokcn ? 
If so, doesheat once at tempt to answeraque&tioii 7 (7j IssjwutaQc- 
OU3 speech good? If not, to what extent and in what manner is it 
impaired ? Does he make usc of wTong ivords, recurring utterances, 
orjai^on? (S) Can he repeat words uttered in his bearing? (9) Is tho 
sight good or bad ; is there hemiano^, or papilloodcma ? (10) Dues 
berecognize WTittcaorprintedspeceband obeya wTitteacommand ? 
If not, does he recogmze single words, letters, or numerals ? (11) Can 
he ^vnte spontaneously ? \\'bat mistakes occur in writing ? Is there 
paragraphia ? Can he read his owu wntmg some lime aflec ha has 
written it ? (12) Can he copy written words, or from print into print- 
ing ? Can he write numerals or poform eimple mathematical calcula- 
tions? (13) Can he read aloud? (14) Can he name at sight words, 
letters, numerals, and conmionobjecU? (15) Can he write from dicta- 
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tion ? (16) Can ho match an object Mith its name, spoken or written, 
when a series of objects and names are simultaneously presented? 
(17) Any other tests, emotional, rhythmical, or musical, \\Iiicl; may 
raise tlio pliysiological level of tho speech centres. (18) Any otlier 
means of proving in what way he can receive and express ideas. 

The Causes of Aphasia. 

Apart from congenital disturbances of speech described below, 
aphasia is rare in cliildhood and increases in frequency with increas- 
ing ago. It is most frequently met with after middle life, since tho 
commonest cause is a vascular leaioii,c3pecialIy thrombosis. Cerebral 
haemorrliage causes aphasia less often than thrombosis, because 
iiaemorrbago occurs deep in the white matter of tho heimsphere more 
often than in the cortex or subcortical regions Transitory attacks 
of aphasia may occur as a result of temporary disturbances of 
cerebral circulation in patients suffering from hyperpiesia or cerebral 
atheroma, and transitory aphasia occurring in migraine can prob- 
ably be similarly explained. Cerebral embolism may cause aphasia, 
but is uncommon compared with other cerebral vascular lesions The 
varieties of aphasia due to obstruction of the difTerent cerebral 
arteries are described elsewhere (sec pp. 284-5). 

Intracranial tumour i.s tho commonest cause of aphasia during tho 
first lialf of adult life, w lien cciebral vascular lesions ore rare Abscess 
of tlio left teinporo-sphcnoidal lobe may also cause aphasia and 
so may traumatic lesions involving the ‘s^icech areas’. Apart from 
abscess, infective lesions of tho brain rarely cause aphasia, though 
it occurs occasionally in encephalitis Icthargica and exceptionally in 
disseminated sclerosis. Acute cerebral lesions causing hemiplegia 
and attributed to encephalitis are almost the ouly causes of aphasia 
in childhood. Ncuros^philis may cause aphasia, either by leading 
to cerebral thrombosis or to general paralysis In the latter, transitory 
aphasia may occur as a symptom of a congestive attack and a 
profound disintegration of spcecli may develop as a result of tho 
widespread deterioration of cortical function m the later stages, 
comparable to that which occurs in. degenerative cortical disorders, 
such as Alzheimer’s disease and Pick’s disease. 

Prognosis. 

The prognosis of aphasia dcjicnds largely ujion its cause. Wlien 
it develops acutely as a result of a vascular lesion, neural shock is 
responsible for part of the immediate disturbance of function. Conse- 
quently a considerable improvement may be anticipated as this 
passes off. The prognosis appears to be better when aphasia is due 
to haemorrhage than when an imp(wtant artery has been obstructed 
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by thrombosis or embobsm, and the outiook is better also ^>hcn the 
aphasia is of tlie expressive, than when it is of tlie receptive, type. 
The prognosis is good when aphasia U duo to an extracerebral 
tumour, such as araeningioma, which has compressedbut not invaded 
the bram In the case of an intracerebral tumour, even if the tumour 
can be removed, the operation ishkely to he followed by an exacerba- 
tion of the speech disturbance and httle ultimate improvement can 
be expected Recovery usually occurs from aphasia due to acute 
mfections of the brain, though acute encephalitis m early childhood 
may cause permanent speech disturbance, if it leads also to mental 
deficiency. 

Treatment. 

The treatment of aphasia requires unlimited patience and is 
likely to be more successful when the disturbance of speech affects 
the expressive, than when it mvolvca the receptive, function. In the 
latter type of aphasia not only has the patient difficulty in under- 
standing what is required of huu, but he also fails to understand his 
own attempts at speech The apbasio patient requires to be taught 
on Imes similar to those used in tcncliing a backward child. The 
various vowel and consonant sounds must be taught separately, the 
patient being directed to watch the movements of bis teacher's lips 
and tongue. He is then taught to' pronounce the names of common 
objects when he sees them. The names have then to be associated 
with pictures and finally with simple written words. The scheme of 
instruction must be adapted to meet the requirements of each indi- 
vidual case and to utilixe to the best effect tho&e elements of speech 
which are least seriously impaired. 

CoNOENiTAi. SPECca Disordebs 

Congenital speech disorders, though uncommon, are of consider- 
able importance, since, unless a correct diagnosis is made, the 
sufferer may be wrongly regarded aa mentally defectii e and mluablc 
opportumtics of treatment may bo missed. 

Developmental motor aphasia (Orton) is rare. Congenital aphasia 
IS usually of the receptive type. Two varieties of this, congenital 
ivord-deafucss and congenital alexia, are distinguished, but combined 
forms occur 

Congenital Word-deafness. 

Congenital w ord-deafness, or congenital auditory iinperccption, as 
It has recently been calletl, is a rare inborn defect of speeih. It is 
frequently familial and may appear indifferent members of successive 
geuerations of a family. Males are affected more frequently tlian 
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females iu the proportion of 5 to I. The essential disturbance of 
function appears to bo an inability to appreciate the significance of 
sounds, although hearing is normal. It may bo supposed that there 
is a lack of the anatomical mechanism hereby sounds become asso- 
ciated nith other sensory impressions and with kinaesthetic sensa- 
tions produced by speech ami so acquire meanings. Since the dis- 
order is more profound than merely a lack of appreciation of the 
significance of words, the term congenital aiiditory imperception has 
been proposed for it by Worslcr-Drought and Allen. There is no 
evidence as to the pathological nature of the disorder, but it appears 
likely to bo duo to an aplasia of the posterior temporal cerebral 
cortex on both sides. 

The defect ia present from birth hut is not as a rule noticed until 
the ago at whidi a normal child begins to understand epeecli and to 
learn to speak. It is then fomid that the patient takes no notice w hen 
spoken to and does not leant to repeat words. Hearing, Jiowevcr, 
is normal and tbo child responds to noises. Spoken language is not 
understood provided (ho patient has not learned to lip-read. The 
appreciation of musical sounds may or may not be defective. 
Worstor-Drought and Allen have pointed out that associated with 
tiie word-deafness there may bo a ilcfcct in appreciating the mean- 
ing of irritteu and printed symbols. This is not surprising in view 
of the large part whicli hearing plan’s in learning to read in normal 
individuals. Speech suffers seriously as a result of auditory impercej)- 
tioii. For a number of years the child may not speak at all. Sooner 
or later, however, most jiaticnts acquire a vocabulary of their own, 
which is comprehensible only to those who liave been closely asso- 
ciated with them. The words spoken bear little resemblance to 
normal words, though they possess meaning for the speaker. This 
defective form of speech has been called ‘idioglossia’ and ‘lalling’. 
A well-knowii example of idioglossia ia the pronunciation of the 
Lord’s Prayer by one of Colman’s patients, which was os follows: 
‘Quo tabde ne nah e nedde, anne de di na; i tede ta, i du de di on 
eeth a to e eddo. To ut to da oue dado de, o didde ap tetedde, a ne 
adin to tetedde adaso us, no notto totate, mime, utte enu, to i 
aitevene, pore c dande, to edde a edde. Amc.‘ 

Although sufferers from congenital iiord-deafness are frequently 
found in institutions for the mentally defective, they do not neces- 
sarily suffer from any defect in mental cap.icity but are severely 
handicapped by tho inadequacy of the primary cliannel tlirough 
which we learn tho meaning of things around us. It is not surprising 
therefore that the victims of this disorder tend to develop abnormal 
psychological reactions to their surroundings, especially when they 
are treated as lazy or mentally defective. 
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Tlio ctlucatiiiii of tlio conf^nitally wonlaleaf rcquin-s much care 
ami an iiiltUigcut ajiiirccialion of the nature of tJieir disorder. As 
in the uuto of tlic deaf, they must bo educated pruiciitalty tlirough 
the sense of sight and should be taught Up-reading, uliile their sense 
of touch may also bo used to educate them in correct articulation. 
It u important that attempts should also be made to cduc.ate the 
sense of hearing. If necessary, idioglossia must bo suppressed by 
isolation and enforced EUcncc. Ttie nature of the disability must lie 
taken into account in planning an occu[ution. 

Congenital Alexia. 

Congenital alexia seems tho best tcnii to apply to .i mixed group 
of individuals uho possess tn comniou a defect in leuniing to read. 
Thu condition has been called congenital uord-b!indncsi<, but a 
defect uhich can nghtly be so dcscriljcd is tho cuu^c in only A small 
])roportion of eases 

Congenital alexia is much commonex than congcniUl u'ortl- 
dcafncss, and Tliomas has estimated that it u present in 1 in every 
3,(100 Lomlon schoolchddrcii. lake congenita) uord-dcafiicss it U 
not uncommonly familial and may occur in more than one generation 
of tho same family. In some eases it may bo duo to a congenital lack 
of tho ability to appreciato (ho sigmficanc'c of visual symbols. In 
many patients, hovievcr, visual symbolization ap^icars to bo noniinl, 
and the defect apiwars to coa«Ut in a break in the ]>roeea» uhereby a 
written sjmbol is linkcvl uitli a sound. Consequently thu printed 
nunl u uTongly prunuunced and conversely a daUtc-d word i-i 
UToiigly s{ielled 

Miiror-vv riling. 

Mirror- UTiting u (ho Unn applied to script uliich runs from right 
to left, the k-tUn being reversed and funning mirror images of noniiul 
hcnpt Nonnal individiiais can frv<|ucntly curry out inirmr-uriting 
with tho left Land, either when writing witli tho left Iiand alone or 
with both hands simultaneously. Since this cajucily is pn'sent with- 
mil previous training wo must assume that tho eduiutioiiuf the right 
Ii.ind in nonnal writing invohts tho umunsrious education of the 
loft hand to jierfuriu tho same morciuciits in the u]>]H>»itc direction. 
Such iiiuTor-wntiiig with tho left huiid niny become cv idiiit in right- 
handed imlividuaU who liaveilevcluixxl right hi'Qiiplegi.i, ami 1 Itavo 
knoun It follow an injury of the occi[iital ngion of the bnitii. 

Tho situation is luoru ciiiiiplicated than thL<. houcvir, in (laticnts 
suffering from rongeniUl alexia who exhibit mirror-wnting, for 
in such indiv idiials niirnir-wntingap{ieari> tu bo scconilary tu mirror* 
rv.iding, as show n by Orton. TIicm} cbildn n tend to read w otds from 
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right to left and pronounce them accordingly. For oxamplo ‘not’ U 
pronounced ‘ton’, and if asked to copy words they frequently do so 
in tlie reversed order, with or without reversal of single letters. The 
frequent association of Icft-haudcdness with mirror-reading and writ- 
ing suggests that tiieso disorders may be secondary to a lesion of the 
left hemisphere which is normally dominant and to a substituted 
dominance of the right hemisphere. 

Coj5gejiital ale.via usually becomes apparent owing to the cljiJd’s 
backwardness in learnhig to read. This may bo wTongly attributed 
to a general defect of inteJJigenee or to lasiuess. Yet by inteJJigenco 
tests those children are frequently normal and their power of visual 
imagery is unimpaired. Such children are apt to develop psycho- 
neurotic reactions to tlicir cnviroiuncni owing to lack of understand- 
ing of their disability. 

Treatment must he based upon an understanding of the nature of 
the child’s disability. Attention must bo jiaid to educating the child 
in the ns-socktion of syllables willi the articulatory movements em- 
ployed in their pronunciation. The phonetic method of teaching 
spelling, in which the child learns letters by tlicir sounds and not by 
tlieir names, should ho employed. Siiecial care must be taken in 
teaching the child to read from left to right. The teacher should point 
to the letters in this order and the child should be encouraged to do 
the same with the forchngcr of the right hand. 

Stress should bo laid upon reading fur amusement, and in dictation 
the child should not depend solely upon ear, hut should sit by a 
normal child and be allow cd to see what ho has wTitten. Educational 
authorities throughout the child's career should bo informed of hia 
disability in order that allowances may bo made, especially lu 
examinations 

{For Ttjerenett *f6 pp 105~6.) 

10. APRAXIA AND AGNOSIA 
Atbsxia 

Apraxia may bo deiined as an inability to carry out a purposive 
movement, the nature of which tho jiatient understands, in the 
absence of severe motor ]>aralysis, sensory loss, and ataxia. For 
example, a patient who is asked to protrude liis tongue is unable 
to do so on request, though he may carry out inappropriate move- 
meuts such as opening his mouth. A moment later he spontaneously 
protrudes liis tongue to lick his lips. Normal purposive movements 
depend upon the integrity not only of the cortico-bulbar and cortico- 
spinal tracts, but also of association tracts whereby these efferent 
paths are excited. The idea of the movement, whether formulated 
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siwntancously or in response to an external command, thus passes 
into action. Apraxia is the reoiilt of interruption of the transcortical 
fibres thus acting as ideo-motor Imhit. In. right-handed indiriduals 
purposive motor activity appears thus to be controlled by the 
postterior part of the left hemisphere, especially perhaps by the 
supramarginal gjTus Thence fibres pass fonvards in the left hemi- 
sphere to the precentral convolution and cross to the same conv olu- 
tion on the right side, through the corpus callosum. Lesions in the 
left parietal lobe are therefore likely to produce bilateral apraxia. 
Lej-ions betn een this region and Iho left, precentral convolution may 
lead to apraxia of the limbs on the right side, and lesions involving 
the anterior part of the cor|)us callosum or of the subcortical white 
matter on the right side may cause left-sided apraxLa. The com- 
monest form of apraxia is that involving the lips and tongue, uhicb 
is frequenth’ encountered in association with right hemiplegia due 
to a lesion of the left hemisphere. 

Apraxia has been analysed by Uepmann into limb-kinetic apraxia, 
due to loss of kinetic memories of part of tbe body, idco-kinetic 
apraxia, due to a dissociation between ideational and kinaesthetic 
jirorcMca, and ideational apraxia, in a hich tbe general conception of 
the movement is imperfect, its component parts being correctly 
earned out but nrongly combined. 

Apraxi^ is iLsualiy associated with an impairment of the pow er to 
mutate movemeuts. Tbe dbturbaocc of function which underlies 
apraxia is essentially the same as that responsible for motor aphaata, 
which may justly be regarded as an apraxia of the purposive move- 
meuts concerned in speech. 

Apraxia is most frequently seen as a result of localized lesions of 
the brain, especially vascular lesions and tumours. It may also be 
a s.iTnptoin of diffuse cerebral inflamniatory or degenerative state.s, 
such as general paralysis and the prcsrcnilc cerebral degenerations. 

ACNOsIA 

The arrival of nerve-impulses at the cortical areas concemetl in 
vision, hearing, and cutaneous and jiostural sensibility excites crude 
sensations which have not yet attained the perceptual level involved 
m the recognition of objects. This is brought about by' the associa- 
tion of the sensations excited tlirough one sense channel with 
memories of scnsation.4 derived from other sense cliannels during 
jvyvjtiMs f.vp<-j3cnces of ibe-ohjet^, 51»b perception of an object n^o 
or felt U thus a constcU.vtion of scusory images and memories, and 
the recognition of an object as having been seen before anil of its 
use depends upon the capacity of tho primary visual or tactile sensa- 
tions which it evokes to excite tho appropriate constellation of 
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iiicmories. When by reason of dibcas^ of the brain this secondary 
process fails to occur, the jutient fails to recognize the object. This 
defect is knoun as agiioiia. 

Visual agnosia is present ^vhen the iwticnt, in whom the jiaths 
from the retina to the occipital cortex are intact and the latter is 
undamaged, nevertheless fails to rceognizo common objects \ihich ho 
clearly secs. This condition may result from lesions in the lelt 
p-irieto-occipital region in nght-handc<l jicrsons. Visual disorienta- 
tion in space is also a form of visual agnosia Auilitory agnosia 
imjilies the failure to recognize sounds in a patient « ho is neverthe- 
less not deaf An individual sulTcnng from this disability in a severe 
form will fail to apjirecinte not only tJio natiijoj of words but a].so 
musical tunes. This results from .i lesion of the left temporo- 
sphenoidal lobe in right-handed |ierbons Sensory agnosia is one 
form of the disorders comprised under the more general term astcreo- 
gnosis. The patient, though not aulToring from gross sensory defect 
in the fingers or hand, is nevertheless unable to rccognue an object 
pliiciHl in the hand This may bo produced by iv lesion of the parietal 
lohe hitiiated iKJStcriorly to the post-central convolution at the level 
of the hand area. Agnosia usually only alTccts the recognition of 
objects through one sensory channel Thus a jiatient suffering from 
Msual agnosia, who cannot recognize a key when ho sees it, can 
usually recognize it when it is placed in his hand. Conversely, a 
patient who camiut recognize objects placed in his hand recognizes 
them readily when lie secs them. 

An unubiiiil but uitcrcsting form of agnosia Is n defect of aware- 
ness of a part of the bculy Finger agnosia (Gerstmann, 11)24, 15)31-2) 
is characterized by an inability to recognize and select individual 
fingers when looking at both haiid.s. Tliis may apply to both the 
patient’s and the observer’s fingers and is usually af-aociated witli 
agraphia, acalcuiia, and a failure to discriminate kitween right and 
left This syndrome is proiluccd by a lesion of the left angular gyrus. 

The receptive forms of aphasia, so-callcd ‘word-btindness’ and 
‘ w ord-dcafness may justly bo regarded as siiccial varieties of visual 
and auditory agnosia. 
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11. THE SIGNS OF LOCAL LESIONS OF THE IJILUN 
It is customary in text-books on nervous diseases to desenbe 
m a sejiarate section the ^gns of local lemons of the bntin. Since 
these are dealt tntb in connexion with anatomy and idiysiology, 
tumours and vascular lesions, to avoid reduplication they Mill not 
be repeated, but for the convemence of the reader references are liere 
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gi\cii to tlio parts of tho book in Mliich arc described tlio signs of 
loc.\l lesions in \arioua situatioiu. 

The Prffrontal Lobe: 

Tmuonrs of tlio frontal lobe, pp. 244-5. 

Sjndromes of tho cerebral artcrioa — anterior cerebral artery, 
p. 284. 

Tho grasp retlo.x, p. 43 

The Vrurntml (7o«to?M/>ow 
The pyramidal tract, p. 1. 

Tumours of tho precentral convolution, pp. 240-8, 

Sjmdromcs of tho cerebral arteries — tho miildlo cerebral artery, 
p. 285. 

The Tempoml Lobe: 

Tumours of tho tcmjKtral lobe, p. 248. 

The gcniculo'calcarino iKithuay, p. .IS. 

The ParUtal Lobe: 

Tumours of tho iiariotal lobe, p. 240. 

Sensation at tho cortical luvcl, p. 30. 

Tho gcniculo^calcarino i>.»th«ay, p. .58. 

The Octipilal Lobe: 

Tumours of the occipital lobe, p. 251. 

Tlio visual corte.v, p. 01 . 

Syndromes of tho cerebral arteries — the jioslcrior cerebral artery, 
p. 285. 

The Corpus Callosum: 

Tumours of tlio corpus callosum, p. 251. 

The Basal Ganglia- 
Tho corpus striatum, p 506. 

Sensation — the optic thalamus, p. 34. 

The Iniemal Capsule: 

Tlio pjTamidal tract — tiio internal capsule, pp. O-lO. 

Tumours of tho centrum semiovalo, p. 252. / 

The Third I'e?itricZe and the Hypothalamus: 

Tumours of tho third ventricle, p. 252. 

Autonomic and metabolic centres, p. 817. 

Syndromes of tho hypotlialamus, p. 819. 
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The lleQton of the Optic Ckiasma: 

Vwual field defects due to lesions of the optic nerv ts. chinsma, and 
tracts, p. 55. 

Tumours of the region of the optic chiasma, p. 254. 

The JJtdbrain: 

Tumours of the inidbrain, p. 252. 

Tumours of tho pineal body, p. 254. 

The p^Taimdal tract — lesions in the iiiidbram, p. lO. 

Sensory paths m the brain-stem, p. 33. 

The Pons and ZIeduUa: 

Tumours of the pons and medulla, p. 2(i3. 

The pyramidal tract^ — lesions in tho pons, p. ld~-lc»ions in tho 
medulla, p 11. 

Sensory paths in the brain-stem, p. 33. 

Syndromes of the cerebral arteries — the basilar, posterior inferior 
cerebellar, and vertebral arteries, pp. 2S5-7. 

The Fourth Ventricle. 

Tumours of the fourth ventricle, p. 2C3. 

\ 

The Cerebelluin ■ 

The cerebellum, p 4(3. 

Tumours of tho cerebellum, pp. 2-59-Cl. 

12 THE CEREBRO-SriXAL FLUID 

AxATOSir AND PuYSIOUKJV 
Formation, Circulation, and Absorption. 

Climcal and experimental observation has established that the 
cercbro-spinal fluid is mainly formed by the choroid picxuscs of the 
cerebral ventncles. That formed by tho plexuses of the lateral ven- 
tricles passes through the foramina of 5Ionro into tho third ven- 
tricle. Thence the fluid flows through the aqueduct of Sj Ivins into 
the fourth ventricle, which it leaves by the tiro lateral foramina of 
Luschka to reach the subarachnoid space. The subarachnoid space, 
which bes between the arachnoid membrane externally and the pia 
mater intemaUy, constitutes a vessel which carries the fluid from 
the cerebral ventricles fa its pomls of absoiplion. The inner surface 
of tho arachnoid and the outer surface of tho pia mater are covered 
with flattened mesothelial cells and these also rover the numerous 
trabeculae, which bridge the subarachnoid space, and the nerves 
and blood-vesscls which pass across it. The subarachnoid space is 
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doejicst at the base of the brain and between tlio inferior surface of 
the ecrehcllum and the tnutlulla. In these regions its expansions 
constitute tJ»o various cisterns, tlio lai;gcs{, of vhich is the cisterna 
magna beneath the cerebellum. 

Tlio subaraclmoid apace extends superficially over the whole sur- 
face of the brain and spinal cord. It is also prolonged into the sub- 
stance of the nervous sj^stem by means of extensions w Inch are knomi 
as the ])crivascular sjuccs. Every blood-vessel entering or leaving 
the ner\oua s^fitem must pass across the buharaclmoid space. In so 
doing it carries w ith it into the ticrvous system a sleeve of arachnoid 
immediately surrounding tlio vc.S6cl and a sleeve of pia mater more 
externally. Between the two lies the extension of the subarachnoid 
space, which U known as the perivascular space and which subdivides 
on each division of the ves.sel to terminate in continuity with the 
tissue spaces around the nervo-celU and fibres It is probable that 
products of uietahoJism and ceH-coiitamiiig inflammatory exudates 
pass from the iwrivascular spaces to mingle with the ccrebro-spinal 
Iluid in the subarachnoid space, and it b the perivascular spaces 
which arc seen to form cuffs round the vessels packed with inllam- 
matory cells in microscopic sections Liken from the nervous systcni 
in infective conditions such as syphilis, cncephahtb Jethargica, uiid 
poliomyclitb. 

The cerebro-spinal fluid of the subarachnoid space probably receives 
(V contribution from tho jwnvascular spaces, and possibly also from 
the lymphatics of the cranial and other peripheral nerves. After 
balliing the surface of fho spinal cord and tho base of the brain it 
tms&es upwards over the convexity of tho hemispheres, to be ab- 
sorbed into the intracranial venous sinuses. TJie bulk of the evidence 
shows that absorption takes place tiirough the microscopic arachnoid 
villi, which are minute projertious of tho subarachnoid space into the 
lumen of the sinuses. An alternative view accounts for tlio absorption 
of iiart or tho whole of the fluid into tho cerebral capillaries which 
are reached through tho iierivascular siiaces 

CUESIICAL COIIPOSITION OF TUB CEREBEO-SPISAI. FLUID 

Tho following table, based u^ion tho investigations of Fremont- 
Smith and Cbiieii, shows the princi'iial cfifleronccs in chcraicai com- 
position between the cercbro-sphial fluid and tho blood plasma. 
These two fluids, however, possess tho same osmotic pressure as 
determined by depression of freezing-point, and Mestrezat put 
forward tho view that they were in osmotic equilibrium, tho higher 
ciiloride content of tho cerebro-spinal fluid compensatingfor the much 
higher content of proteins iu the blood plasma. TIioso facts support 
the view that tho cerebro-spinal fluid is formed by a process of dialysis 
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in which the cells of the choroid plexuses act os a semipcnneahlo 
merobrane which is pcDetrable by eleelrol^tcs and not by non- 
electrolytes. The absorption of the fluid has been regarded as a 
simple process of filtration. 

Comparison oj Blood Plasma and Certl/ro-spimil Fluid 

Jitood Piaima [ CerE[>n>-i>j>{na{ Pluii{, 

Croup I (Substances norm- 6-7 percent. VentncuUr, jior 

ally present m greater <|uan- j cent. 

tit> m tilt) plA^mn tlian in ■ Cisternal, 1^25 mg. per 

the fluid.) 1 cent. 

j Lumbar, 1 u-iO mg. j>er 

I Inorganic plHwpliorua,' l*2i-2 nig. per cent. 

2—1 mg. per coat. 

Unc acnl, 3— * uig. jicr Truce. i 

cent. j 

Cholenterol, 150 tag. j Trace. 

per cent. , 

C^imo. 10 mg. per { 5-0 mg jvr i«ut. 

Sulp}ta(e% 4 mg. jierf 1 mg. per rent. 

Gluco<c. 100 mg. per , OO-vO tug. per rent, 
cent. I 

Groups (Subsianreenorm- CUorioo (aa .VaCI). *-’5-750 Rig. x>or rent, 
allypresentingreaterquan 5CO-G30 tog. perj 

til} in the fluid than m the rent. i 

pWena ) 

Croups iSubstancesapprox- Sodium, poloasiuoi, COp urea, lariie acid, 
imatcly equally distributed 
between plasma and fluid.) 

Group 4 (Sabutances which Fibrinogen, iixltdi-s, ha]ir})at(«, nitratce.Jip»td8, 
do not pass {rum the plasma ' bile pigments, organic aiuenir. most renuetits, 
to the fluid except in minute immune bodice, 

traces ) i 

Volume and Rate of Formation. 

The volume of the cerebro-spinal fluid in adults is nominlly about 
130 c c Its rate of formation can only be estimated by artificial 
methods, the accuracy of which is doubtful. It is prolxtble that the 
total volume xs completely replaced several times a day. 

Functions of Cerebro-spinal Fluid. 

ilany functions hate been attiibuted to the ccrebro-sjunal fluid 
though most of them are somewhat speculative. There is no doubt, 
however, about its importance mechanically in protcctmg the 
nervous system from jars and shocks. Probably also it acts as a 
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regulator of tlio intracranial prcNSurc and as a support to llio \cnoua 
Mimses in postures in uhkh tho intracranial venous pressure is 
rai^-cd. It is likely that it pUj-a a jwrt in the nutrition and meta- 
bolism of tho nervous system, though this aspect of its functions is 
little understood. 

ilETiiona or OnxAiNixo Cerebbo-spinal Fluid 

To obtain ccrebro-spinal fluid for examination it is necessary to 
puncture cither the cerebral \entriclc8 or tho subamehnoid space, 
^vhich may be reached most easily cither in the cisterna luagna or 
in tlio lumbar lul-de-sac, where it extends beyond tho lower end of 
the spinal cord. 

Vestuiclb Pukcture 
Indications for Ventricle Puncture. 

Tho following are the princi|>al indications for vcntriclo puncture: 
(1) the relief of increased uitracraniat ])rcssuro before ojicration for 
intracranial tumour , (2) tho injection of air into tho ventricles for 
vcntriculogniphy for the diagnosis of hydrocephalus or intracranial 
tumour ; (3) tho injection of dyes into tlio ventricles for tho diagnosis 
of hydrocephalus; (4) tho injection of immune sera, especially in 
inciiiiigococcal meningitis, (5) for comparison of tho pressure or 
chemical composition of tho fluid in tho two lateral ventricles or of 
tho ventricular and spinal fluids ; (C) in rare eases to obtain fluid for 
uxamination when there is a conlru-indication to both cistern and 
lumbar puncture. The first and second nro the purposes for which 
vcntriclo puncture is most frequently carried out. 

Method of Ventricle Puncture. 

In tho infant, before closure of the anterior fonfanefJe, ventricle 
puncture is a simple matter. After tho skin over tho fontanello lias 
been shaded, cleaned with alcohol and ether, and painted with 
iodine, a email hiinbar puncluro needie, which has been sterilized, 
is introduced near tho outer angle of tho fontaneUc, about 1 cm. from 
the middle Ime to avoid the superior longitudinal sinus. Tlie needle 
is passed downwards and slightly outw'ards and should reach the 
lateral veutricfe m a normal in&iit at a deptli of between 5 and 
5 cm. In internal hydrocephalus tho ventricles are so much distended 
that they may boencountcredatadepth ofonJy 3 cm. In tliis condi- 
tion the fronto-parietal suture is usually ojien and. tho ventricle may 
bo tapped through this. 

In tho adult ventricle puncture involves a preliminary penetration 
of the skull. 

A sufficient area of the patient’s scalp having been shaved, the 
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skin is stenlized in the usual way. Tlic jratieiit Ls placed on liis hack 
on the operating table .nid points markctl from 1 to 2 in. abo>’o the 
supenor curved line of the ocripital bone and 1 in. from the middle 
line on each side. The subcutaneous tissues in these regions are 
infiltrated -with novocain and a smalt incision is made in tiie skin. 
The bone is bored and drilled with a burr imtil the dura is exposed. 
A small mcUion is made in the dura and a brain needle is introduced 
and passed vertically doiniwarda. Tho lateral ventricle should 
normally be encountered at a depth of 5 em. 

SCBOCCIPITAL PuKCTunn , 

The cistema magna, which is penetrated in suboccipital puncture, 
is a dilatat ion of the subarachnoid space l^jing between tho inferior 
surface of the cerebellum above, the postenor surface of the medulla 
m front, and the dura mater covering the posterior occipito-atlantal 
ligament belou’ and behind. 

Indications and Contra-indications (or Suboccipital Puncture. 

The principal indications for suboccipital puncture are; (1) to 
obtain cerebro-spmal fluid for examination w ben lumbar puncture is 
for some reason, for e.\ample, on account of deformity of the spine, 
impossible : (2) for comparison of the composition or prest.uro of the 
cisternal and lumbar tlulds; (3) for the injection of lipiodol in tho 
radiographic investigation of blockage of the s])inal subarachnoid 
space; (4) for the introduction of immune sera, for example, anib 
meningococcal scrum or s.-ilvarsanized serum. Suboccipital puncture 
should never be carried out when there is reason to suspect n tumour 
or abscess m the posterior fo^, when there is a marked rise of 
intracranial pressure, or ivbea tbc cistema magna is likely to ho 
obliterated by infiammatory adhesions. 

hlethod of Suboccipital Puncture. 

The patient is prepared by shaving the scalp up to a liorizontal 
line at the level of the external occipital protuberance. Tho skin is 
then cleaned with alcohol and etlier and painted with iodine. The 
patient should be seated and his head is held by an assistant with 
both hands and well flexed. The operator place.s the tip of the fore- 
finger of hb left hand upon the spinous process of the second cervical 
vertebra, which is the highest palpable spinous process. A sj>ot half 
an inch above this point is ana^thetized with ethyl chloride or with 
a 1 per cent, solution of novocam. A lumbar puncture needle with 
the stylet in position is then inserted at this point and posted for- 
wards in a plane which passes through the point of introduction, 
the middle of the external auditory meatus, and tho naUon. At a 
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depth of about 3 ein. tho ])oint of tlio nccdlo Mill encoimlcr tho 
jH)i>tcrior occipito-atKuital Hguincnt, Mliicii offers consiiderablo resis- 
tance. On gently introducing it a further | cm. it should penetrate 
tho cisterna inagna, and on withdrawal of the stylet ccrebro-spin.il 
fluid usually drifts from tho neetlle. Often, however, although the 
jjoint of the needle is in the cistcni, tlicro is no ilo'V of fluid. This 
may be promoted hy exerting gentle suction with a ajTingc inserted 
into tho butt of tho nccdlo. Tho medulla lies at a depth of about 3 cm. 
in front of tho posterior occipito-atlantal ligament. With care, there- 
fore, there is no ri^k that tho poiitt of tho nccdlo will enter tho medulla. 
It should not, how ever, bo introduced more than 0 cm. from tho sur- 
facoof tho skin. If tho operator ia unaccustomed tocisteni puncture 
it is often rendered easier by directing the point of tho needle slightly 
above tho piano described, so that it comes into contact with tho 
occipital bone. It ia then slightly depressed to pass through tho 
ligament. After withdrawal of tho ucckUo the point of puncture can 
be closed with collodion. Headache may folio wsuboccipital puncture. 
Its prophylaxis and treatment aro tho sanm us those described below 
for lumbar puncture. 

LuitBAn Ptn^croRE 

Lumbar puncture is the simplest method of obtaining access to 
tho subarachnoid space and is so frequently usixl that every practi- 
tioner of medicioo should bo capable of carrying it out. Tlio spinal 
cord terminates at the low cr border of tho first lumbar vertebra in tho 
adult, and nt a sliglitly lower level in tho child. Tho arachnoid is 
continued downwards below' tho termination of tho spmal cord as 
far as the second sacral vertebra, and forms a lumbar cul-de-sac of 
tho subarachnoid spaco normally containing ccrcbro-siiinal fluid and 
cro.vicd by tbo roots of the cauda equina. A nccdlo can bo introduced 
into this spaco without risk of injury to tho spinal cord. 

Indications and Contra-indications. 

Lumbar puncture ia carried out for the following purposes: (I) 
to obtain cercbro-spinal fluid for cytological, chemical, and other 
investigations and to estimate its pressuro ; (2) ui the relief of intra- 
evaiMil pseasatft awl tba removal oC toxic, iaftammatory , oi olKer 
irritative substances in tho cerebro-spinal fluid, in tho various forms 
of encephalitis and meningitis, iutcacraaial haemorrhage, external 
hydrocephalus, uraemia, eclampsia, &c. ; (3) to introduce into the 
subarachnoid spaco therapeutio substances such as immune sera or 
antiseptic drugs or local anaesthetics; (4) to introduce into the 
subarachnoid space air for radiographic purposes — encephalography 
Of for treatment ; (5) to introduce hpiodol far radiography. 
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TLere are few contra-indications to lumbar puncture. In the 
prc'Ciico of greatly Lncreaied mtracronLtl prc&sure, cai)ecia]Iy ^\Lcn 
there is reason to suspect a tumour in tJie posterior fossa of tho 
skull, sudden mthdrawal of fluid from the spinal canal may cause 
herniation of the medulla into the foramen magnum — the ‘cere- 
bellar pressure cone’ — mth fatal results. In such cases ventriclo 
puncture is the only safe method of obtainmg cerebro-spinal fluid. 
The presence of infection in the lumbar region is a contra-indication 
to lumbar puncture, owing to the risk of infecting the spinal canal. 
The presence of marked spinal deformity in the dorsal or lumbar 
regions may render lumbar puncture difficult or impossible. 

The Needle. 

There are a number of patterns of lombar puncture needle. Their 
gauge ranges from 17 to 19; a good length is 8 cm. Harris's needles 
for trigeminal injection made by ilessrs. Weirs are excellent. The 
Dattner ncedlo consists of a tine inner needle, 2o, within on outer 
one, 20, the use of which is described below. A needle of largo 
diameter may be required in cases of meningitis ^rheD thick pus con< 
taining flakes of dbnn is to be w ithdrawn. The Barker U a longer and 
stouter needle suitable for tbe»e purposes. Tlie needle is Iwst sterilized 
by being washed with boiled water and surgical spirit after use and 
kept in surgical spirit to which a small quantity of lysol has been 
added It is washed ^rith sterile water before beuig used again. 

Method of Puncture. 

Lumbar puncture may be performed with the patient either sitting 
or l^mg on one side. As many patients cannot sit up. it is best to 
accustom oneself to performing tho operation with tho patient 
l^ing on his left side. In cither position tho most important point 
IS to secure tlie greatest possible degreo of tlc.xion of the lumbar 
spine If the p.itient is conscious and co-operatire he should be asked 
to bend his legs until Ids knees approadi his chin and then to clasp 
hut hands beneath his knees, or an assistant can aid flexion of the 
spmo by applying prcseuro with one imnd behind tho neck and tho 
other beneath the knees. When the patient is in i>osition the next 
step IS to find the landmarks. A line joming tho highest x>omts of 
the iliac crcatd, w liicb may be marked with a sw nb dip{>ccl in iodine, 
usually [lasses between the third and fourth lumbar spinous processes, 
and the puncture can be performed cither at this jioint or between 
the fourth and fifth spines. The skin is now clc.-incd with alcohol anil 
ether and [lainted with iodine. A local anacsthclio is not essential, 
but renders the proceeding more comfortable for the patient. Tho 
akm may be anaesthetized with ethyl chloride, or with 1 per cent. 
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where puncture of a Tcin is tlie commonest cauwj of bloort in tlie 
fluid. The stylet should be parsed into the needle again to remove 
anypossible obstruction and the depth of the point varied. If no fluid 
comes, the needle should be withdrawn and reinserted either in the 
same interspace or in the one above or below. A genuine dry tap, 
when the point of the needle is actually in the subarachnoid space, 
maj occur when the spinal snbarachnoid space is blocke<l at a higher 
level and hence the pressure of the fluid in the lumbar sac is low, or 
when the lumbar itself is filled by a neoplasm or by a congenital 
abnormality, as m spina biflda. 

Sequels of Lumbar Puncture. 

The only common sequel of lumbar puncture is headache, which 
comes on after a few hours, is throbbing in character, and may be 
associated with nausea, vomiting, giddiness, and pain in the neck 
and back In severe cases it is literally prostrating, being much 
mtensified by sitting up, and lasting for days or even exceptionally 
for weeks. It is most likely to occur when a normal fluid is wth- 
drawn and is very rare in syphUitic patients. It is due to lowered 
mtracranial tension product by a continued leakage of cerebro- 
spinal fluid through the puncture wound in the theca. When the 
Dattner needle is used, headaches occur in only 3 per cent, of 
patients who are pnnetured as out-patients and allowed to go home 
(Erskme and Johnson, 1938). With an ordinary needle certain pre- 
cautions 17111 do much to prevent the development of ' lumbar punc- 
ture headache’. The needle used should be small in calibre, and 
mtroduced with the cutting edges in the sagittal piano. The minimal 
amoimt of fluid should be withdrawn ; in any case not more than 
10 c c , unless the object of the puncture is to reduce the intra- 
cranial pressure. The patient, who should be kept in bed for twenty- 
four hours after the puncture, should be without a pillow for several 
hours and the foot of the bed may be raised. If in spite of these 
precautions headache develops, treatment is directed to raising 
the intracranLil pressure by promoting the formation of cerebro- 
spinal fluid This is best accomplished by the ingestion of water 
in large quantities. A jug which is kept filled with water should 
stand by the bed and the patient should be supplied irith n rubber 
tube through which he can drink without raising bis head. He should 
dnnk a gallon of water in twenty-four hours. Alternatively 50 c.c. 
of distilled water can be injected intravenously. A subcutaneous 
injection of I c c of pituitrin is sometimes effective, but is less 
likely to succeed than the water treatment. Analgesics may be 
given 08 required. 

Lumbar puncture occasionally causes an intensification of symp. 



THE CEREBRO-SPINAL FLUID 117 

toins of the disease from which the patient is suffering. Hoot pains, 
if present, may be intensified, and this is especially liable to occur 
in the presence of a lesion compressing the spinal cord, any of the 
symptoms of which may be exacerbated by the alterations of pressure 
induced by the withdrawal of floid. In dis.seminatcd sclerosis 
relapses have sometimes been attributed to lumbar puncture, and 
in this disease the operation has sometimes appeared to precipitate 
a terminal acute encephalo-myeUtis. These events, however, are too 
rare to operate as contra-indications. The risks attendant ujion 
lumbar puncture when the intracranial pressure is greatly increased, 
especially when there is a tumour in the posterior fossa, hav e already 
been described. Meningitis following lumbar puncture is almost 
unknown. 

Routine Examination or tde Cerebro-Spinal Fluid 
Pressure. 

Mtihod of Delerminallon. The pressure of the cerebro-spinal fluid 
is best determined by means of a simple manometer. A graduated 
glass tube is attached to the lumbar puncture needle and the 
observer reads the height to which the fluid ascends in the tube. 
The instrument designed by Greenfield consists of a lumbar puncture 
needle u ith a two-waj* stopcock which permits fluid to be withdraw n 
while the manometer remains attached. A glass tube 30 cm. long 
IS attached to the noedio by a small piece of rubber tubmg. To 
estimate pressures of more than 300 mm. it is necessary to connect 
a second length of tubing. For routine purposes the pressure is 
determined with the patient lying on the left side, and it is important 
to see thot the head is supported at the same level ns the lumbar 
spine. Lumbar puncture having been performed in the usual way, 
the tap is turned so that the fluid rises in the manometer. At tliis 
point the patient should bo allowed to straighten his spine and should 
be directed to relax his muscles ond breathe quietly and regularly, as 
muscular tension and holding the breath raise the pressure. Pressure 
is measured in milljmetresof rerebro-spina] fluid and normally shows 
oscillations corresponding to resplratioii and finer variations syn- 
chronous W'ith the arterial pulse. Tlie normal pressure of the cerebro- 
spinal fluid in adults in the horizontal yiosition is 60-150 min. of fluid. 
According to Levinson it is lower in cliildren, in wliom it is normally 
from 45-90 mm. of fluid. In adults in the sitting posture the normal 
pressure is from 200 to 250 mm. of fluid, but it should bo noted that 
this is usually low er than the height of the vertex above the needle. 
Hence in the sitting posture the pressure in the vcnlriclcs and 
cistema magna may be negative. 
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A lc«s .icctirate but more portablo tmuioinetcr rou'^islK of a fitie 
rubber tube 20 inches long to one end of uliidi H inches of glass 
tube rs attnche<l and to the otliercnd aepigot whicli fits tlie needle. 
A rule or tape measure is tisesl to mensuro the height of the fliiitl 
level m the glass tube above the lumbar puncture needle. 

Pathologicnl I’anuhowj of Prrasure. An abnormally high cerebro- 
spinal fluid pressure is found in rases of intracranial tumour and 
haemorrhage, hj'droccplialus, intracranial sinus thronilxi-'is, men- 
uigism, and the various forms of meniiigitia nnd cncephaliti'*, includ- 
ing the more acute forms of HV’phiilticmoningitis and gi'nern! paral^'sis. 
The pressure may aNo be rai-wl in tinicmi.i. In intracninial tumour 
the pressure may be as high as jOO-1000 mm. of fluid. 

A subnormal pressure Is sometimes a sequel of bend injury. It is' 
also encountered in conditions in uldch the lumbar siibarnehnoid 


space 13 cut off from comnumication with the cerebral subarachnoid 
space. Tim is most commonlj’ met with in cases of spinal sub- 
arachnoid block duo to spinal tumour or localiznl spinal mcniugiits. 
It may also occur uben a block cxiats at the region of tlie foramen 
magnum as a result of a tumour in this situation or of meningeal 
adhesions followingnicningitis. Xlicccrcbro-spinal fluid j*rc>'»uro may 
glio be abnormally low if a. second lumbar puniturc is iicrformod 
within a few daj’s after a previous one. 

Ayola'a Index. The withdrawal of Ihihl by lumbar puncture 
naturally leads to a fall in the pressure of (he remainder. Ihagnostic 
salue has been attributed to a correlation between the volume of 
fluid withdraw-n and the resulting fall of pressure. Ayala’s index is 


obtamed by the formula - - , Q being the number of c c. of fluid 


removed, I the original pres-surc, and I' tl>c final pressure. In eases 
in which the diagnoeis lies between inlraernnial tumour nnd com- 
municating hjdrocephalus an index of below 5 3 is in favour of 
tumour, while one above C5 is in favour of ‘eommunienting 
hydrocephalus’. 

QuecLeniledl's TmI. IConnally if one eompret*w the Jugular veins 
of a patient during lumbar puncture there is an immciUatc and rapid 
rise in the pressure of the cerehro-spinal fluhl which quicklj* reaches 
300 mm. of fluid and almost as rapidly falls to normal when the veins 
are no longer compressed. The effect of coinprc*<sing the veins is to 
cause a temporary congestion of the intracranial venous sinuses and 
hence to raise thepressureof the cercbro-Bjiinal fluid. Tbocoirimunica- 
tion of this raised pressure to the manometer attachcil to the lumb.nr 
puncture needle depends upon the patency of the subarachnoid sjiace 
between the cranial cavity and the lumbar sac. In eases of obs^c- 
tion of the subarachnoid space in the re^on of the foramen magnum 
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or within the spinal canal the rise of pressure normally produced by 
jugular compression is either absent or slight in extent and slow in 
appearing, according to \; hctber the block is complete or incomplete. 
In such cases also the normal variations in pressure due to respiration 
and the arterial pulse are also diminished or absent, but compression 
of the abdomen may cause an exaggerated rise of pressure. 

Compression of either jugular vein separately may yield valuable 
evidence of thrombosis of tlie lateral sinus, there being no nse of 
pressure in the fluid when the jugular on tlje affected side is 
compressed. 

Naked-eye Appearance. 

Turbieliiy. Tlie normal cercbro-spinal fluid is clear and colourless 
and resembles water. Turbiditj', nlicn present, is nsuallj’’ due to an 
excess of poljnnorphonuoloar cells. In acute meningitis these are 
often present in such numbera that a deposit of pus forms at the 
bottom of the tube and the supernatant fluid may bo yellow. It is 
very rare for an excess of lymphocytes to cause turbidity, but this 
may occasionally bo duo to micro-oiganUms 

Fibrin Clot, Tho development of a clot of fibrin m a specimen 
of fluid implies tho presence of fibrinogen and of fibrin ferment Such 
a clot may occur either in a fliinl of uliich the protein content is only 
slightly raised or in tlie highly albuminous fluids characteristic of 
spinal subarachnoid block, ami sometimes occurring m polyneuritis. 
In the former case the clot takes tho form of a faint ' cobweb ’ ^v hich 
takes from twelve to twenty-four hours to appear. It is most 
frequently seen m tuberculous meningitis, but also occurs occasion- 
ally in other forms of meningitis and has been described in syphilitic 
meningitis and in poliomyelitis The clot which forms in highly 
albuminous fluids may solidify tho whole specimen. In such cases 
clotting may bo precipitafed by the addition of fibrin ferment in the 
shape of a drop of fresh blood. 

Blood. Blood may be presentinthecerebro-spinal fluid, either as an 
accidental result of injury to an intrathecal vein by the lumbar 
puncture needle, or as the product of pre-existing haemorrhage into 
the subarachnoid space. This distinction is obviously of great 
importance. When a vein is injured at lumbar puncture the specimen 
of fluid collected in the first tube is often blood-stained, but the 
second usually shows no visible blood, whereas alter subarachnoid 
haemorrJiage both sjjeciroens arc uniformly blood-stained. Further, 
in tho former case if the red cells are given time to settle, the super- 
natant fluid is seen to be colourless, whereas i\itliin a few hours of 
subarachnoid haemorrhage the supernatant fluid shows a yellow 
coloration In practice there is seldom any difficulty in distinguishing 
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the nccidental contamination of the specimen with Wootl from 
siibarachnokl haemorrhage. Suhancknoid Jincmorrhagr is iwimlly 
due either to licad injury, or to the rupture of an intraeninial 
aneurysm into the subarachnoid spare, or to the bursting of an intra- 
cerebral haemorrhage either into the ventricular sj-stem or into 
the subarachnoid space. It may occasionfllly result from the Icakaee 
of blood from an intracranial tumour, especially an angioma, and in 
rare cases an intense ‘haemorrhagic’ form of encephalitis may lead 
totlie presence of small amounts of blood in the ccrebro-spinal fluid. 
Following subarachnoid haemorrhage the yellow coloration of the 
fluid appears in a few hours anil reaches its greatest intensity at the 
end of about n neck. It has usn.illy divippenrctl after from fourteen 
to tw enty-one day s. The r«l cells disappear from the fluid in two or 
three days The presence of blood in contact u ith tlie leptomcninges 
excites a cellular reaction, and the fluid thcrcfoix* usually contains 
a moderate excess of cells As a rule these arc all mononuclear, but 
occasionally’ polymorphonuclear cells arc found. 

XanlhocJiromia. Xanthochromia, or yrllow coloration of the cere- 
bro-spinal fluid, is found, as just descrilKxl, aft crsiibamclmoid haemor- 
rhage and also nhen pus h present in considcrablo amount In the 
fluid Xanthochromic fluid is ai.<<ooccaHionnny found inrasesofintm- 
cranial tumour, especially when the tumour Ls near the renfricular 
system, and sometimes in the case of tumours of the eighth ncn'c. 
It IS also characteristic of obstruction of the spinal subarachnoid 
space and may also be seen in fluid from above a tumour of the cauda‘ 
equina and sometimes in polymeuritis. A slight yellow coloration 
of the fluid may be present in cases of |aur«lico of long standing. 

Cytologlcal and Chemical Abnormalities. 

Since this is a text-book of clinical neurology, incthoils of carrying 
out cell counts and clicmical investigations on the ccrebro-spinal 
fluid nill not be de.scribed in more iletail than is Tieces.s.iry' for n 
discussion of their interpretation. Thoso who nish to acquaint 
themselves with the technique of these examinations arc rcfcrrwl 
to text -books on the cerebro-spioal fluid (seo list of references). 

Cells The normal cerebro-spinal fluid contains a small number of 
cells. These are Jy’mphocytes or Urge mononuclear cells and should 
not exceed in number three per aibic millimetre. In pathological 
states a greater variety of cells may be present and these may occur 
in very largo numbers. Those most frequently cneountcrctl are 
lympliocytes and large mononndear c^s and polymorphonuclear 
cells Less frequently eosinopliUs, plasma cells, macrophages, and 
compound granular corpuscles and fibroblasts are found. Tumour 
cells are rare but when present are of great diagnostic importance. 
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Yeasts, actinomycotic gramiles, echinococci, and cysticerci have 
been observed in cases of infection of tbo nervous system with these 
organisms. 

Significance of Cell Content. Certain generalizations may be made 
witli regard to the presence and nunil^rs of different types of cell 
in the fluid. Tiie majority of cells are probably derived from the 
meninges, though some may take origin ^vithin the nerve tissue and 
pass into tho subarachnoid space from the perivascular spaces. In 
general a pleocj’tosis, or excess of cells in the spinal fluid, indicates 
meningeal irritation, though this does not necessarily imply the 
presence of meningeal infection Whether the cellular increase is 
polymorphonuclear or mononuclear depends partly upon the acute- 
ness of the pathological process and partly upon tho nature of the 
infecting organism. A predominantly polymorphonuclear count is 
iisuallj’ found in acute infections and in acute exacerbations of 
chronic infections, while a moponuclcar count is characteristic of 
chronic infections. But while pyogenic organisms excite a mainly 
poljTnorphonucIear leucocytosis except in their most chronic stages, 
a mononuclear pleocytosis Is characteristic of infection \vitirneuro- 
tropic viruses, though pol^Tnorphonuclcar cells are sometimes 
present when tho infection is most acute. Wo thus encounter pre- 
dominantly poljTnorphonuclcar, predominantly mononuclear, and 
mixed cell counts. 

A predominantly polymorphonuclear pleocytosis is foxmd in 
meningitis due to pyogenic organianis, including the meningococcus, 
staphylococcus, streptococcus, pneumococcus, bacillus coli, bacillus 
typhosus, and Pfeiffer's bacillus In these conditions tho polymorpho- 
nuclear cells are usually present in very large numbers. A very acute 
syphilitic meningitis may also excite n polymorphonuclear reaction 
in which the cells may number several thousands per cubic milli- 
metre. Jlononuclear pleocytosis rarely exceeds 200 cells per c.mm. 
and more commonly lies between 10 and 50 cells per c.mm. It is 
characteristic of syphilis of the nervous system, encephalitis lethar- 
gica, disseminated sclerosis, poliomyelitis {after the first few daj’S of 
the infection), herpes zoster, acute ijTnphocytic chorio-meningitis, 
and some cases of tubercular meningitis. It may also he present in 
mumps and has been described in whooping cougli, malaria, trypano- 
somiasis, and spirochaetosis ictCTo-liaemorrhagica. Cerebral tumour 
may cause a slight mononuclear pleocytosis, especially when the 
tumour is in contact with the meninges. So also maj’ cerebral abscess, 
intracranial sinus thrombosis, and subarachnoid haemorrhage. The 
mixed tj’pe of pleocytosis, in nliich poljnnorphonuclear and mono- 
nuclear cells are present in approximately equal numbers, is found 
in cerebral abscess, in which case the number of cells is often small, 
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and in cases of infection of the bones of the skull in the neigh- 
bourhood of the meninges. A mixed cell count is also present in 
many cases of tuberculous meningitis, in poliomyelitis, during the 
first few days, and in the more acute fonns of syphilitic meningitis. 

Protein. 

The total protein content of the normal cerebro-spinal fluid is from 
0 02 to 0 04 per cent. This consists of albumin and globulin in a 
ratio of 8 to 1 (Hemtt). Increase of the protein of the fluid is ex- 
tremely common. A moderate increase, uauall}’ to below 0-1 per cent, 
is usually found in inflammatory* diseases of the nervous tissue and 
memnges, such as the various forms of meningitis, encephalitis, 
pobomyebtLs, disseminated sclerosis, and sypluhs-of the nervous 
system. Intracranial tumour and cerebral arteriosclerosis may* also 
cause a rise of protein content. A marked rise is less common. 

Froin originally described the syndrome nhich is knoivn by his 
name and in which a high protein content of fluid was associ-sted 
with xanthochromia, massive coagulation, and pleocytosis. Froin's 
cases were examples of obstruction of the spinal sub-araclmoul space, 
due to localized spinal meningitis, which was responsible for the 
pleocytosis The essential part of the syndrome is now knouTi to be 
the great excess of protein, and Greenfield and Carmichael propose 
that the term Froin's syndrome should be applied only to fluids 
which contain 0-5 per cent, of protein or more, and which are not 
frankly purulent. TLas defined it occurs, according to these autliors, 
in three classes of disease: (1) chronic, especially syphilitic, menin- 
gitis, and more rarely acute and subacute meningitis] (2) obstruction 
of the spinal subarachnoid space, due to tumour of the cord or its 
envelopes, spinal caries, and epidnral absce^, whether tuberculous 
or staphylococcal; (3) polyneuritis, Landry’s paralysis. It may aho 
occur in fluid withdrawn above the level of a tumour of the cauda 
equina. The characteristic changei in the spinal fluid which occur 
in obstruction of the spinal subarachnoid space are attribut.'ible to 
several anatomical factors. Spinal block cuts off the fluid below the 
obstruction from the normal course of circulation and absorption. 
Compression of the spinal veins by n tumour or similar lesion causes 
clironic venous congestion of the coni below the level of the obstruc- 
tion, since the venous drainage of the cord is from below upwards 
in the longitudinal veins which have few anastomoses. The spin.'il 
artenes on the other hand, although they run longitudinally, anasto- 
mose freely with the radicular arteries, which enter the spinal canal 
through the intervertebral foramina. Further, blood plasma may 
nas.s into the spinal fluid from the blood-vessels of a tumour, or as 
inflammatory* erudato when the obstructive lesion is a meningitis. 
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The Albumin-QlobiiUn Hath. 

Screral reactions clesigiietl to dcnioiistratc an excess of gloliulin 
in the ccrebro-spinal fluid are in comnion use. In the Nonne-Apelt 
reaction ammonium sulphate is the reagent employed A positive 
reaction ranges from a slight opalescence to actual precipitation of 
the globulin. In I^'orfuchi’s reaction the globulin if present in excess is 
precipitated by butyric acid. In Pandy's reaction a solution of car- 
bolic acid is used and positive reactions range from opalescence to 
milky turbidity. Similar positive reactions are obtained in ]Veich- 
brodt'g reaction ivith a solution of mercuric chloride. Tliese reactions 
are not quantitative. Pandy’s reaction is the most sensitive, and 
may yield n weakl}' positive result with normal fluids. 

In normal fluids the greater |>art of the globulin present is pseudo- 
globulin In pathological fluids an increase of globulin is usually 
associated with an increase in nlbnmm, and the increase of the former 
15 often proportionately greater than that of the latter. Euglobulin 
shoivs a much greater increase than pseiidoglobulin, especially in 
general paraly’sfs Iti normal fluids tlie albumin-globulin ratio is 
8 to 1, in tabes, meningitis, and encephalitis lethargica it may be 
3 to 1, in general paralysis it averages 1-3 to 1 (Hewitt). A low 
albiimin-globuhn ratio occurs also in spinal subarachnoid block. 

Chlorides. 

The chlorides are the only chemical constituent of the cerebro- 
spmal fluid which is maintainwl at a higher concentration than in 
the blood. The normal chloride content of the fluid is 720 to 750 mg. 
per 100 c.c. estimated as sodium chloride. In purulent meningitis 
this figure is reduced to an average of from O.'jO to C80 mg. per 
100 c.c. The reduction is nincli greater in tuberculous memngitis, 
m which condition Freniont-Smith and his collaborators obtained an 
average reading of 010 mg. per 100 c a and a minimum of 620 mg. 
In the early stages of tuberculous meningitis the reduction is less 
marked. The chloride content of the fluid is thus of diagnostic value 
ill distinguishing tuberculous meningitis both from conditions sucJi 
as poliomyelitis in whicii the chlorido content of the fluid is normal 
and also from other conditions of meningeal inflammation in which 
the fall 13 less marked. Greenfield and Carmichael consider that a 
chlorido content of less than 6S0 mg. per 100 e.c. in the presence 
of other indications of meningeal inflammation in the fluid is patho- 
gnomonic of tuberculous meningitis. The fall in chlorides in the 
ccrebro spinal fluid in the various forms of memngitis appears to bo 
parallel iritli, and is probably secondary to, the fall in the chlorides 
of the blood plasma. When the chloride content of the blood plasma 
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%arif^ from nnnnal a correspondin*; cliaiigc occurs in tJio cliloridcs 
of tlip Huid Hcncc \sv find tlie chloride content of the fluid above 
normal in many of nephritis, especially in the stage of umernin 
nml below nonnal in ineninstism. 

niueo^e. 

Tlie nonnal glueoee content of the ccrebro-spmal fluid is somewhat 
lower than that of the blootl and lies lietwccn SO and 80 ing. jht 
100 c c Diinmution of the ghitsx content of the fluid b found in 
meningitis and u more marheal in meningitis duo to pyogenic 
organisms than in tuberculous meningitis. It is probable tbiit glucose 
m the fltiiil IS congumwl by the infi-eting organisms. A rise in tho 
gluiaee content of the Huid p.imllel to that obtaining in the blood 
IS found in di.abclea. 

Colloidal Reactions. 

Cofloiilal lUaftion. Lange's colloidal gold reaction is 
often of great diamostie value, although its theoretical liasis U 
incompletely understood. It Is Ki'>e«) upon the oU*cra'ntlon that tho 
eerebro-spmal fluid in certain |>athologieal stall's J)Os.h**scs tho prO' 
|*.Tty of preeipitatinp a preparation of eotloidal gold end that the 
degree of pri'cipitaticii varies aceonling to tho cdliecntmthjn of 
iTrebro-spinal fluid 

In carrying out tho lest ten lest4iil>es are eiiipjoywl, each of which 
contains the name amount of the colloidal gold eolation. Ccrebro. 
spinal fluid is then addisl in such a way that in llu" first tube it U 
pn-sent in a concentration of I in 10 and in c.wh eubM'quent tube this 
concentration l< proirrP'‘?ively mliicsHl by one half. The result is a 
Senes of ten tul"-« each containing the Mine amount of colloidal gold 
solution, but containing concentrations of cerebro spinal fluid ranging 
from I in 10 to I iti oRXt. Tlie unrhangefl colloidal gold solution is 
cherrj ml in colour, and this c«>lour cliangi's in pro{>ortion to tho 
degree of pri'cipilalion, throuch pur|>le «nd blue to complete do- 
coionzationof thesujiern.'itnnt lliiid with a MuUh precipitate. Tliese 
changes arc nunimcally esprossssl. 0 aigrufjing no chatige and the 
figurrH I to .i dinoting pnsgnwsivc ilegTTCs of altemtion. In reading 
the result of the te»t the liilir cont.aining the highest roneentration 
nf nTchfo-spiaal fluid is plsml «m the left and the •'fricentration 
dimmidies in the series from the I'-ft to the right. 

Tlie following Is j"** of colluMsI curse may lie cncountcrnl: 

(1) Normal fluhls nu**- no prvcipllatinn, exerjit pcwsihly to the 
slightest cjtent in the middh'of tho surve and are thus rej'ortcsl as 
Cs » I s N M * iTi ) or (MV » ) M Ot V i I. 

(2) TliC 'itirrtic’ cunc In this tyj«r of curse complete jirecijnta- 
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tion occurs in tho first four or five tubes on<I none in the last tn-o or 
tlirec. A typical scries wouUl bo 5555321000 Tho ‘paretic’ curve 
13 so called from its constancy in general paralysis. It may bo 
present in meningovascular sj-jihills and in tabes. It is also found in 
some 50 per cent, of eases of disseminattHl sclerosis. 

(3) The luetic or tabetic enrve This is reprc.sentcd by the figures 
1233210000 and is the type of curve usually encountered in tabes and 
meningovascular sj’pliilis 

(4) Tho meningitic curve shows a plateau farther to the right than 
tho preceding and is representet! by tlio figures 0012344310. This 
tj'pe of curve is that usiuiUy found in meningitis. 

The principal value of the cotioidal gold curve lies in its assistance 
in differentiating general piralj-sis from other tj’pcs of neuro- 
8}’philis and in tho supjwrt which it sometimt's yields for a diagnosis 
of dis.'scmiimtcsl sclerosis A paretic curve is alw ays found in un- 
treated cases of general p-iral^sis, and though it is sometimes present 
in other forms of neuroayphilis it w much more readily altered by 
treatment in tho latter tlian m the fonner In a buspccted case of 
iliaseminatcd sclerosis the presence of a iKiretic curve in the cerebro- 
spinal fluid in association with a negative Wassermann reaction is 
Ir. be taken as conrinnatory evidence of the diagnosis. 

The evplanation of the varying degree of precipitation of the col- 
loidal gold solution by diffcrout dilutions of tho ccrcbro-spinal fluid 
in pathological states is still Romewhat obscure, but it is probable 
that it ultimately depends upon the relative concentration of albumin 
and globulins in tlic fluid 

Other colloidal preparations, for oxample, mastic, benzoin, gam- 
boge, and collargol, have been cmployc<l, but it is doubtful if they 
possess any advantages over the colloidal gold test, which appears 
to bo more sensitive. 

Serological Reactions- 

Tho Wassormann and Mcinicke reactions in tho cerebro-spinal fluid 
are discussed in the section on syphilis 

Bacteriological Examination. 

In cases of infection of the nervous system and the meninges 
with pyogenic organisms and with the tubercle bacillus a bacterio- 
logical exarainafion of the cerebro-spinal fluid may bo necessary, 
especially to determine the causal organism in meningitis. 

WTien dealing ^vith a fluid which is frankly purulent it is sufficient 
to make a film w ith a platinum loop and to stain it in the usual way. 
When there is no visible pus and m suspected cases of tuberculous 
meningitis it is advisable to centrifuge the fluid before examining it. 
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Cultures should also be made, both for the further identification of an 
organism which is seen in the film and also because u hen the film 
yields a negative result an organism can sometimes be isolated by 
culturiDg. 
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13. HISTORY AND EXAMINATION 
Tnr Historv of the Illkess 
General Considerations. 

In the diagnosis of nervous diseases the history of the patient’s 
illness IS often of greater importance than the discovery of hb ab- 
normal physical signs. The group of physical signs may be common 
to several disorders, and only an accurate knowledge of tlieir mode of 
development maj* enable the correct diagnosis to be made. The 
history obtained from the patient should alwaj’s be suppicmenteil, if 
possible, by an account of his illness given by a relative or by some 
one who knows him well. This is essential -n hen the jatlent suITers 
from mental impairment and also when hw complamt includes 
attacks in which he loses conscioosness, but it is always desirable, 
since a relative or friend will often remember an important point 
which the patient himself has forgotten to mention. 

First note the patient’s name and address, age, and exact details 
of his occupation. The last naroeil is often of importance as a source 
of exposure to injurj' or to toxic substances, for examjile lead. 
Ascertain if he is right-handed. 

It is well to begin by asking the patient of what he complains 
and when he was last in normal health, in this way fixing, at least 
provisionally, the date of onset of his symptoms. After this he should 
be allowed to relate the stwy of his ilhiess as far as iiossible without 
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interruption, questions being put to him afterwards to expand his 
statements and to elicit additional information. In the case of all 
sj’inptoms it is important to ascertain not only the date but also the 
mode of onset, whetlicr sudden, rapid, or gradual, whether the syrap. 
tom since its first appearance has fluctuated in intensity and w hether 
the patient’s condition is improving, stationary, or deteriorating at 
the time of examination. 

History of Present Illness. 

Inquiry should ahvaj’S be made iritb regard to the following symp- 
toms, whether or not the patient mentions them spontaneously: 

Menial Stale. The patient’s mental history should be ascertained, 
not only as far as possible from himself, but also from relatives or 
friends, on the lines laid down below for the examination of his mental 
condition. 

Sleep. Has ho suffered from disturbances of sleep, either from 
paroxysmal or persistent sleepiness or from insomnia ? 

Speech. Has ho had difficulty ill speaking? If bo, of what nature ? 
Has he been able to understand what is said to him and to read ? 
Has his uTiting been affected ? 

Conwlsions. Has ho suffered from convulsions or from fainting 
attacks ! If so, further inquiries should be made (sec p. 855). 

Headac^ie. Has he suffered from headache? If so, further in* 
quirlos slioiild be made ns desriibed on p. 276. 

Special Senses. Has he had hallucinations of smell or taste or 
noticed an impairment of these senses ? Has he had visual hallucina* 
tions ? If so, what has been their character and distribution in the 
visual fields ? Has there been any visual impairment: if so, of one or 
both eyes ? Has it been transitory or progressive ? Has he had 
double vision? If so, has tbis been transitory or progressive and 
has he noticed this sjTnptom wlien looking in any special direction ? 
Is his hearing impaired ? If so, is this unilateral or bilateral and is the 
deafness associated with tinnitus ? Does he suffer from giddiness ? 
If so, he should describe precisely its nature and state whether it is 
associated irith a sense of rotation of himself or of his surroundings, 
and iritli deafness, tinnitus, or vomiting. 

Movement and Sensibilily. Does he complain of muscular weakness, 
of loss of control over the limbs or of involuntary movements, and if 
so, what is the distribution of these symptoms ? Has his gait been 
abnormal, and if so, how? Has he tended to fall, and if so, in what 
direction? Has he had any spontaneous sensory disturbances, 
especially pain, numbness, or tingling ? If so, further inquiries should 
bo made, as described on p. 23. 

The Sphincters and Heproduetive Functions. Has there been any 
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disturbance of sphincter control ? Has ho experienced difficulty in 

holding or passing urine or faeces? Has he had pol 3 ’iiria? In the 

case of a man, is his sexual power norma! for his age ? In the case of 

a woman, has there been anyabnormality in menstruation, esiweially 

amenorrhoea’ 

.Yu/n/ion. Is the weight stationary, diminishing, or increasing ? 
History of Previous Illnesses. 

Inquiry as to previous illnesses should always include, in the case 
of a male patient, aspecificinquiiy as to venereal disease. A history 
of aural discharge or of tuberculosis may be important in relation 
to intracranial abscess or tuberculoma meningitis. A history of con- 
vulsions or of mp Tiing itis in childhood or of encepha litis lethaigica may 
be significant in relation to a later illness. Ahistory of ‘influenza’ 
should be amplified bj' details of the illness thus described Inquiry 
should always be made for a history' of accidental injury, especially 
to the head and spine. 

Personal Habits. 

Inquiry should be made as to past residenre abroad and also as 
to the amount of alcohol habitually consnmed. If alcoholic excess 
is admitted, its amount and duration should be ascertained. 

Family History. 

The family historj- is often of great importance, since many 
diseases of the nervous system are hercilitary, The patient should 
always bo asked irbcther cases of nervous or mental disease have 
occurred among his relatives. If the patient b married, inquiry 
should be made as to the state of health of the spouse. Death of 
husband or wife from general paral^-sb or ancutj-sm raaj’ afford an 
important clue to a s^-philitic disorder in a patient. For the eame 
reason the number of children and the occurrence of miscarriages and 
stillbirths should be ascertained. 

EXASttKATlOK OF TnE PaTTEJiT 

Mental State. / 

Is the patient conscious or unconscious? If unconscious, can he 
be roused, anij if so, u hen he ts roused is his mental condition normal 
or abnormal? The following psycliolt^cal investigations arc of 
course applicable only to conscious patients. 

Intellectual Functions. 

Is the patient orientated in space and time ? Docs ho recognize 
his surroundings and does he know the date ? Is hb meraorj’ normal, 
and, if impaired, is it better for remote than for recent events ? Does 
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ho fill gaps in his memory by confabulating, that is, by relating 
imaginary events? Retontvveness may bo tested by asking the 
patient to repeat a scries of digits — nonnally seven can be repeated — 
or retain a name, address, and lloncr for five minutes. 

Docs he suffer from delusions or liallucmations ? A delusion is an 
erroneous belief nhich cannot bo corrected by an appeal to reason 
and is not shared by others of tho patient’s education and station. 
An hallucination is a sensory imprcsstoii occurring in tlio absence of 
a corre.sponding external stimulus. A patient may conceal both 
delusions and hallucinations. Tlie latter may sometimes be suspected 
on account of his behaviour. For example, a patient who h subject 
to visual hallucinations may behave as though manipulating invisible 
obj’ccts, Avhilo one who is experiencing auditory hallucinations, for 
example voices, may adojit a listening attitude. Are the patient’s 
jiowcrs of attention and concentration normal ? Docs he take normal 
care of his dress and npi>earaiice, or is bo indifferent and dirty ? 

Emotional State. 

-Is tho patient’s emotional state normal? Is he excited or de- 
pressed ? If excited, IS his condition on© of elation, that is, excite- 
ment associated u ith a sense of noll-being, or of fear and anxiety ’ 
Apart from excitement, does he experience an abnormal sens© of 
u ell-being— euphoria? Is be anxious and, if so, to uhat docs be 
attribute his anxiety ? Is ho irritable ? Is ho emotionally indifferent 
and apathetic ? 

Speech and Articulation. 

Are speech and articulation normal ? If there is reason to suspect 
that tho patient is suffering from aphasia, tlie appropriate tests must 
bo carried out (see p. 98). 

The Cranial Nerves. 

Te.st the sense of smell for each nostril separately (see p. 134). 

Test the visual acuity and visual fields (see pp. 62^) 

Examine the ocular fundi (see p. 135). 

Are the pupils equal, central, and regular ? Are they abnormally 
dilated or contracted ? Test tho reactions to light, both direct and 
consensual, of each eye separately and the reaction on acconiinoda- 
tion-convergence. 

Test the ocular movements, upwards and doiniwards and to either 
side, and ocular convergence. Is squint, diplopia, or nystagmus 
present T Note the size of the palpebral fissures. Does the patient 
exhibit ptosis or retraction of the upper lids ? Is exophthalmos or 
enophtbalmos present ? 
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Is there ^rasting of the temporal muscles and masseters ? Test 
the jaw movements and the jaw jerk. 

Examine sensibility to light touch, pin-prick, heat and cold, over 
the trigeminal area, and test the comeal reflexes. 

Is the facial expression normal? Is there wasting of the facial 
muscles ? Is the face the site of involuntary movements ? Test the 
following voluntary movements — closure of the eyes, elevation of 
the eyehrows.frowning, retraction ofthe lips, pursing the lips, whist- 
ling Test emotional facial movements — smiling. In some cases of 
facial paralysis it is necessary to test the sense of taste (see p. 194). 

Test the bearing, both air-condnction and bone-conduction. If 
hearing is defective, apply both Weber’s and Rinne's tests (see 
p 175). In certain cases it may be necessatj' to test the vestibular 
reactions (see pp. 17(1-84). 

Is the soft palate elevated normally on phonation? Test the 
palatal and pharjugeal reflexes. 

Examine the movements of the vocal cords, if necessary. 

Test the movements of the steraomastoids and trapezii. 

Examine the tongue. Is it wasted? Is fibrillation present ? Is 
it tremulous? Is It protruded normally? 

Note the presence or absence of bead retraction and test for cervical 
rigidity. 

The Limbs and Trunk. 

The following is a convenient routine for the examination of the 
limbs end trunk. Examine the upper limbs while the patient is Ijing 
down, then ask'bim to sit up, or, if he is unable to do so, to turn 
on to one side, and examine the scapular muscles and the back ; then 
ask him to lie down again and examine the &ont of the thorax and 
the abdomen, and finally the lower limbs. Sensibility as well os motor 
functions should £rst be examined in this order, hut in many cases, 
especially when there is reason to suspect a lesion of the spinal cord, 
it may be convenient to review the sensibility of the body as a whole. 

JIuscuJar Power and Co-ordinaiion. In examining the limbs note 
first their parture and the presence or absence of tnvscidar waslintj 
and fbriUalion. Xeit note the presence or absence of invciuntart/ 
mmemenU, of which the following are those most commonly en- 
countered. A tie is a co-ordinated, repetitive movement involving 
as a rule a number of muscles in their normal synergic relationships. 
Choreic movements are quasi-purposivc, jerbj*, irregular, and non- 
repetitive, and are characterized by dissociation of normal muscular 
sjTie^. Athetosis consists of slow, writhing movements, which are 
most marked in the peripheral segments of the limbs. Tremor is a 
rhythmical movement at a jmnt, brought about by alternating 
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contractions of antagonistic gronpa of muscles. Myoclonus is a 
shock-like muscular contraction affecting part or the whole of the 
muscle independently of its antagonists. If involuntary movements 
are present, note their relationship to test and voluntary movement. 

Next examine musch-lone by passive movement at the various 
joints and note tlie presence or absence of muscular conlraciures. Next 
test voluntary pojvcr by asking the patient to carry out against 
resistance the movements possible at the various joints, comparing 
successively the same movement on the two side^ of the body. 
Muscular co-ordtnation is tested in the upper limbs by asking the 
patient to touch the tip of his nose with the tip of his forefinger, 
first wth the eyes open and then with the eyes closed. He should 
also bo asked to carry out alternating movements of flexion and 
extension of the fingers, or pronation and supination of the fore- 
arms simultaneously on both sides. Wlicn the patient is in bed, 
co-ordination of the lower limbs may be tested by asking him to 
place one heel on the opposite knee, or to raise the leg from the bed 
and touch the observer’s finger with his toe. 

Iilovements of the abdominal wall are tested by asking the patient 
to raise his head from the bed against resistance and noting by palpa- 
tion the degree of contraction of the abdominal muscles and also 
whether displacement of the umbilicus occurs. 

Stnsibility. As a routine, the patient’s appreciation of light touch, 
pin-prick, heat and cold, posture, passive movement, and vibration 
should be tested, attention being paid not only to defective sensibihty 
but also to the presence of tenderness of the superficial and deep 
structures. In some cases additional tests may be needed (see p. 24). 
Since the spinal segmental areas run longitudinally along the long 
axis of the upper limbs, sensibility on the ulnar border should be 
compared ivith that on the radial ^rder, either by applying succes- 
sive stimuli transversely to the limb, or by dragging the stimulus, 
for example a pin, along the skin. On the trunk the segmental areas 
are distributed almost horizontally. Changes of sensibility are 
therefore best detected by moving the stimulus from below upwards 
or vice versa. In the lower limbs the sacral segmental areas, which 
are represented on the sole and the posterior aspect of the limb, 
should always be tested. 

The Refiexes. The following reflexes should be examined as a 
routine: in the upper limbs, the supinator, biceps and triceps jerks ; 
in the lower limbs, the knee and anUe jerks and the plantar reflexes ; 
at the same time tests for patellar and ankle clonus should be carried 
out ; on the trunk, the abdominal reflexes. 

The Sphincters. Note the state of the sphincters’and examine the 
abdomen for^evidence of distension of the bladder. 
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Trophic Dhturbancei. Note the state of the patient’s nutrition, 
especially the presence of wasting or excessiro obesity and the condi- 
tion of the external genitalia. Note tlic dLstribution of hair on the 
body, anomalies of sweating, and the presence or absence of cutaneous 
pigmentation and trophic lesioiwoftheskin, nails, and joints 
Examine the scalp and shill (see p. 234) and also the spine, noting 
the presence of deformity, rigidity, and tenderness in the latter. 

Gait. 

If the patient is well enough to learo his bed, observe w hether he 
is able to stand without support with the feet together, and w liether 
the steadiness of liis sfanco is aflccted » hen he closes bis eyes, .jtsfc 
him to walk, if necessary with support, and note the presence of 
spasticity or ataxia of the lower limbs in walking. Slight disturliances 
of stance and gait may be detected by asking the ji-alient to stand 
first on one foot and then on the other, first with the c3-e« open and 
then inth the ej'es closed ; and to svalfc along a line, placing one heel 
in front of the other toe. 

A complete general physical examination should be made. Exami- 
nation of the peripheral blood-vessels, the blood-pressure, the ean, 
and the urine is often of great importance. 

Accessory methods of investigation which maj' bo necessary 
include examination of the eerebro-spinal fluid and radiography of 
the skull and spine. 

14 ELEGTRO-ENCEPHALOCJUArHV 
The observation of Berger (1929) that it was pa««iib!e to record 
changes of electrical potential occurring in the human brain has 
already led to important advances in knowledge. The changes of 
electrical potential recorded are usually of the order of frotn 5 to 
50 miUiTolts, and have a duration of iiom 1 second down to 20 milli- 
seconds. The recording of such email electrical change-s has Jieen 
rendered possible by the development of thermionic araphfication. 
For ordinary purposes electrodes are applied to the unsbaveil scalp. 
Technical details of the process aro reviewed bj’ Walter (193S). 

The first electrical rhythm, described b^’ Berger as the alpha 
rhj^hra, and later referrrf to bj’ Adrian and others ns the Berger 
rhythm, consists of an almost sinusoidal discharge with a frequency 
of about 10 per second and with a potential varying irregularly from 
zero to about 100 microvolts in some subjects. Tlie focus of the alpha 
discharge is usually limited to the parieto-occipital region of both 
hemispheres, hut it is rarely seen elsewhere. It has been demon- 
strated by Berger and bj' Adrian that the alpha rhythm is inhibited 
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by visual activity and it is also de<3«ased or abobshed, when the eyes 
are shut, by intellectual concentration, such as that required for 
mental arithmetic, and also by a startling external stimulus, such 
as a noise or sensation. It is, therefore, suggested that the alpha 
rhythm is an indication of physiological rest in that area of the 
occipital cortex concerned -with the integration of visual stimuli. 
Other rhythms have been described. So far as these have at present 
any clinical significance they aro described in the segtions on sleep 
(p. 827), inttactanial tumour (p. 244), epilepsy (p. 864), and myo- 
clonus (p. 887). 
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CHAPTER II 
THE CRANIAL NER\T:S 
1. THE HRST OR OLFACTORY ^’ERVE 
Tjte Olpactoet Fibres 

Tjje olfactory portion of the nasal mucous membrano contains 
bipolar sensotT cells which constitute the olfactorj' neurones of the 
first ortlcr Their central processes, which are unmyelinated, form 
small bundles, the filaments of the olfactory nerre, which pass 
througii the cribriform plate of the ethmoid bono and, enter the 
olfactory bulb. From the olfactory bulb further fibres reach the 
brain tlirough the olfactory tract. As this approaches the cerebral 
hemtsphere it dirides into a median and a lateral root on either side 
of the anterior perforated apace. The lateral root is the more ini* 
portant in man and carries fibres to the olfactorj' area of the cerebral 
cortex, which includes the nodnatc gjTus and part of the hippo- 
campus. The anterior commissure nnites the olfactory cortical 
regions of the two hemispheres and probably aUo carries fibres from 
each olfactory tract to the opposite hemisphere. i 

DiSTCRB \^CES OP THE SE-VSB OP SmEU, 

By the sense of smell we perceire not only scents but also flavours, 
the 8ea«o of taste being concerned only with the recognition of the 
four primary tastes — sweet, bitter, salt, and acid. It is a common- 
place observation that a cold in tho head which abolishes the sense 
of smell abolishes al«Q flavours but not the primary tastes. 

In testing the senso of smell small bottles containing oil of pepper- 
mint , oil of cloves, tincture of nsafoctida. and other scents arc applied 
in turn to each nostril and tho patient is asked if he recognircs them. 
It must be remcmbertxl that manj* norma! imUriJuaU with an acute 
sense of smell find difflculty in naming scents. 

Anosmitj, or loss of the olfactorj* sense, is occarionally congenital 
and sometimes hereditary. It maj- occur either tcmporarilj' or 
permancntlj* as a result of infections of the nose. The sense of smell 
is lost when the olfactory tract is intcmipte<l. Tliis maj' occur on 
one or both sides as a result of bea<1 injury cither with or without 
fracture of the ba«c of the skull in the anterior fosaa. The olfactorj' 
tract maj' be eompnsjsiHl bj' tumours, esjxiriallj' by meningiomas 
growing from the olfactorj' groove, or less fretpicntlj' bj* tumours of 
the frontal lobe or in the region of the optic cliiosraa, or by the «Il«- 
lcnde«l cerebral hcmi»p}iefrs in obstructive hjdrocephalus. It may 
be Involved in meningitis, both purulent and sj'phililic and, like the 
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optic nerves, degenerate in tabes. It is doubtful whether complete 
anosmia is produced by lesions of the olfactory cortei, probably 
because fibres from each olfactory tract reach both cerebral hemi- 
spheres. A lesion of one uncinate gyrus, however, may cause a 
reduction in olfactory acuity in the nostnl of the same side. Irritative 
lesions in the neighbourhood of the uncinate gjTus are liable to cause 
olfactory hallucinations, whieh are usually associated \vith distur- 
bance of consciousness and involuntary convulsive movements of 
the lips, jaw, tongue, and pharjmx — uncinate fits (see p. 248). 

The treatment of anosmia is that of the causative lesion, but loss 
of the olfactory sense, due to lesions of the tract, is almost always 
permanent. 
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2. THE SECOND OR OPTIC NERVE 

The course of the optic nerve and the situation of the retinal fibres 
within it, together with methods of investigating the visual fields, 
are described on pp. 62-4. 

The Visual Acuity. 

Distant vision may be estimated by testing the patient’s power of 
reading Snellen’s type at a distance of C metres. The visual acuity 
is expressed as a fraction, the distance of the eye from the type, i.e. 
6 metres, being divided by (bo distance at which the patient should 
bo capable of reading the smallest typo lie can read. Normal visual 
acuity is thus C/Gths. If at 0 metres the patient can only read typo 
which ho should be capable of reading nt W metres, the visual acuity 
is said to bo G/COths. Near vision is tested by Jaeger’s tj^ies. For 
more accurate investigation of the visual acuity jwrimetry is 
necessary. 

The Visual Fields. 

of tbo -visuAl fields desoribed oi\ p. 62 . 

OpirmAiAioscopy 

Examination of the fundus oculi is of such importance in the 
investigation of cases of nervous disease that it sliould form part of 
tlio routine examination of every patient. Direct ophthalmoscopy 
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hasbeen simplifiwlby the introdaction of theelectric ophthalmoscope 
Except when the pupil is greatly contracted, it is usually possible to 
examine the optic disk ; bnt to make a complete examination of the 
macular region and of the periphery of the retina, the pupil should 
previously be dilated with homatropine. The normal optic disk is 
circular and rosy pink in colour, though slightly paler than the sur- 
rounding retina It possesses a well-defined edge and a depression — 
the physiological cup — from which the arteries and veins emerge. 
The normal appearance of the disk and its vessels can only be learned 
from experience. The foUowingare the most important abnormalities. 
The disk may be pinker than normal, from hyperaemia, or abnor- 
maUy pale from optic atrophy. Its edge may be indistinct. The 
phj'siological cup may be filled or the disk may be actually swollen 
above the level of the surrounding retina, the swelling being measured 
in dioptres. The veins of the disk may be congested, the arteries 
may he thickened and tortuous, or both arteries and wins may he 
abnormally fine and narrow. Pulsation of the arteries is abnormal, 
but pulsation of the veins is sometimes seen in normal individuals. 
Finally, the disk and surrounding area of the retina may bo the rite 
of exudate and haemorrhages. 

The macular region is situated about two disk-hreadths horiron- 
tally outwards from the outer edge of the disk. It U somewhat 
darker than the rest of the fundus and is almost devoid of blood- 
vessels The principal abnormalities to be found In the macula arc 
an extension of oedema from the optic disk—the macular fan— and 
a stippled, star-shaped, or haemorrhagic exudate in cases of retinal 
arteno-sclerosis and hypertensive retinitis. A'cherrj'.red spot Is 
seen at the macula in ca.ses of obstruction of the central artery of the 
retina and in the infantile form of cercbro-macukir degeneration, 
while pigmentation Is seen in the kite infantile and juvenile forms of 
this di«ea«e Since the macula is the most sensitive part of the 
retina and is concerned in central vision, macular lesions cause great 
imp.nrment of visual acuity. 

Finally the whole of thex*cripbery of the retina should be inspected. 
The condition of the arteries and the veins should lie notctl Retinal 
artenoscleroris first manifests itself in displacement of the veins nt 
the point where they arc crossed by the arteries, with congestion of 
the portion distal to the cros-slng. Ore-itcr degrees of arterial thicken- 
ing lead to tortuosity and irregularity of the arteries, ,Ti-ith an 
increased light refraction from Ibeir surface — silver wire arteries. 
In retinal artcriasclerosis and hypertcn.sive retinitis haemorrhages 
and exudate may be seen in the peripheral parts of the retina. Black 
pigmentation is characteristic of the various forms of choroido- 
retinitis A retinal angioblastoma may sometimes be soon in cases of 
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Lindau’s disease and a plmkoma in tuberous sclerosis, and in cases 
of general miliary tuberculosis and tubcrculotis meningitis tubercles 
may be seen in the retina as roundish, yellow bodies about half the 
size of the disk. 

LESIONS or THE OPTIC NEKVE 
PAPnxoEDiMA (GroKEn Disk) 

By papillocderaa is meant simply an oedema of the optic papilla 
or disk, without reference to its underlying cause. Like oedema in 
other parts of the body, pnpilloedcma may be due to different 
pathological states, of which the following arc the most important: 

1. Increased intracranial pressure. 

2. Inflammatory conditions of the optic nerve, optic neuritis and 
retrobulbar neuritis 

3 Oedema associated with disease of the retinal arteries and retinal 
exudation, as in chronic nephritis and malignant hypertension, 

4. Venous obstruction, due to neoplasms and gumma of the orbit, 
thrombosis of the central vein of the retina, ^some cases of 
envemoua sinus thrombosis, traumatic arteriovenous aneurysm 
of tlie internal carotid artery and the cavernous sinus, intra- 
thoracic venous obstniction, as by neoplasms, aneurysm of the 
aorta, and severe emphysema. 

5 Changes in the composition of the blood, as in severe anaemia 
and erj'thraeraia 

For the study of nervous diseases the papilJoedema due to in- 
creased intracranial pressure and that associated witli optic and 
retrobulbar neuritis are the forms of greatest importance. 

Papil/ocdema due to Increased Intracranial Pressure. 

The optic nerve, which dcvelopmentally and histologically is part 
of the brain, is surrounded like the brain by the three meninges 
Immediately covering the nerve is the pia mater and superficially 
to that the arachnoid, both of which arc prolonged forwards to fuse 
with the sclerotic. Outside both is the dura mater, which is continu- 
ous anteriorly with tlio periosteum of the orbit. The optic nerve, 
therefore, is surrounded by a subarachnoid space which is continuous 
with tlie cerebral subarachnoid space. A rise in the pressure of the 
cerehro-spinal fluid in tlie cerebral subarachnoid space is freely con- 
ducted to the optic subaraclinoid space, where it has a double effect, 
causing compression of the central vein of the retina where it crosses 
the space, and impeding lymphatic drainage from the retina and 
optic nerve (Paton and Holmes). 

The result of this combined venous and lymphatic obstruction is 
congestion and oedema of the optic disk and retina. The following 
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are the principal causes of increased intracranial pressure leading to 

papilloedema: 

1. Intracranial Tumour, Not all Intracranial tumours cause papill- 
oedema The presence or absence of this symptom and its severity 
when present may, therefore, bean aid to the localization ofa tumour. 
Generally speaking, the occurrence of papilloedema depends upfin 
whether the tumour is so placed as to cause a rise in the tension of 
the cerebro-spinal fluid and also upon its rate of growth. .It is almost 
constantly present in the case of tnmoum occupying the temporo- 
sphenoidal lobe, the cerebellum, and the fourth ventricle, but is 
absent in about half the cases of subcortical and pontine tumours. 
It is frequently late in developing when the tumour is in the pre- 
frontal region or arises near the vertex. Cerebellar tumours pvo 
rise to papilloedema of the greatest severity. The more rapidly a 
tumour grows the more likely is it to cause papilloedema. I have 
known papilloedema absent in patients with a veiy large bnt slowly 
growmg angioblastomatous cyst of the cerebellum. Inequality of 
the degree of oedema in the two eyes U not uncommon, but if the 
difference is not great it is of no localizing value. A tumour arising 
near one optic foramen tends to prevent the develojiroent of papill- 
oedema in that eye by cutting off tbe optic sheath from communica* 
tion with the cerebral subarachnoicl apace. In such cases primary 
optic atrophy may develop on tbe side of the tumour aud may 
associated with papilloedema on the opposite side (Syndrome of 
Gowers, Paton, and Foster Kennedy) 

2 Cerebral Abscess. PapiUoedemaisinconstant in cerebral abscess 
and may be late in developing. 

3. Hydrocephalus. H>^rocephaIu,s from any causa may lead to 
papillo^ema, but in some cases the pressure of the distended floor 
of the thiid ventricle upon tbe optic chiasma and nerves causes 
primary optic atrophy, with which some ilegree of papilloedema may 
be associated. 

4. Meningitis. Meningitiscausespapilloederaalessfrequently than 
might be expected in view of the rise in pressure of the cerebro-spinal 
fluid, which occurs in this condition, possibly because meningeal 
adhesions tend to wall off the optic abeatbs. Papilloedema is often 
absent in tuberculous menin^tis and b most frequent in meningitis 
of long duration, such as may occur in meningococcal infection. 
In all forms of meningitb the infecting otgonbm may penetrate the 
optic nerve, causing true optic neuritb. 

5. Intracranial Sinus Thrombosis. Thb leads to an increase in the 
pressure of the cerebro-spinal fluid by dizninbhing its paths of ab- 
sorption into the mtracranial venous ^^tera. 

0. Subarachnoid Haemorrhage. Haemorrhage into the subarach- 
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noid space may cause papilloedeina OTPing to tlood being driven into, 
and distending, the subarjjehnoid space of the optic sheaths. The 
commonest cause of this condition is leakage from an intracranial 
aneurysm. 

Ophthalmoscopic Appearances of Papilloedema. 

In the earliest stage of papilloedema the retinal veins appear 
congested and the optic disk is pinker than normal. The disk edge 
appears blurred at its upper and lower margins, and this blurring 
extends to the nasal side before the temporal. An increase in the 
oedema causes filling of the physiological cup, and later the nerve- 
head hecomes elevated above the general retinal level, sometimes by 
as much as 8 or even 10 dioptres. The oedema in severe cases spreads 
into the retina causing a macular ‘fan’. Distension of the retmal 
veins is extreme, and haemorrhages njay be found on tlie retina and 
on the disk itself. If the intracranial pressure does not subside the 
condition progresses to optic atrophy. Tlio swelling of the disk 
diminishes, and it becomes paler. The arteries become constricted 
and the perivascular lymph-spaccs thickene<l. Finally, in a typical 
case, the disk is pale and fiat, the physiological cup remaining filled, 
and the edges of the disk being less distinct tiian formerly, The 
arteries are constricted, but the veins often remain congested for a 
considerable time. 

The Visual Fields in Papilioedema. 

In the earlier stages of papilloedema the only change in the visual 
fields maj' be enlargement of the blind spots Later concentric 
constriction of the fields sets in with a diminution in the visual acuity 
of the remainder, terminating ultimately in blindness. It should be 
noted that papilloedema may be associated with other changes in the 
visual fields due to lesions involving other parts of the visual fibres. 

* Optic Neubitis and Retrobulbar Neuritis 

The term ‘optic neuritis’ used to bo employed for all conditions 
associated with oedema of the optic disk, so that ‘optic neuritis’ 
was described as a symptom of intracranial tumour. Since neuritis 
implies inflammation this was a misnomer, and the name is now 
confined to infective or toxi-infective conditions of the optic nerve. 
The distinction between optic neuritis and retrobulbar neuritis is 
based upon an ophthalraoscopie rather than a pathological difference 
and is apt to be misleading. If a neuritis of the optic nerve is 
sufficiently anterior to cause oedema of the disk it is described as 
optic neuritis or papillitis; if it is more posteriorly situated so that 
the direct effects of the inflammation ore not visible ophthalmo- 
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gcopically it i'* callwl irtmlmlUir nf«rili<. Tliii arriilrnt «>f Irx'.aHM. 

tion is in many rn»fs of no jnthnl<>|nral Itufsirt. 

Causes of Optic und Retrobulbar Neuritis. 

The causes of optic «nd tctrobullnr neuritis are few. 

I. Dif^etninaletl Stitrout must lie |iUc«l first in frequeney, and 
most cases arc utuloulitcslly due lo this diK-asi*. Tlie ojilic riersc 
lesion, wlucli is usually unihieral. may lie the first symptom ami 
prmslo other manifeatalions by mtny years. In other cases other 
eiRfis may have prrcisled It and may W found on routine esatninatifm 
of the nen'ous a}>lein, for example, nyst.scrnus, intention Imnor, 
iliminution or alwencc of the aUlominal reflexe*. and extensor 
plantar responses lixaminalionofthecrrsdiro spinainuid niayshow 
ahnormalilies supijestive of dissemliiale*! ■tlrn»«is. e«j<ccnlly an 
abnormal colloulal pold curse. Tlie ehans'-s in the ojHie nersc are 
tlie same as those of dLwnunattsl sclertnls elsewhere in the nersoiis 
system, namely demy clinat ion of the nerve- film's, w ith iiilbnimatory 
exudation and, Uter, pRosis. Vision is banlly ever jKTmanrntly lost 
&a a result of this duseaae. 

2 Z)i'sffTm'na/rff IhjflilUttilh Optic Xturili^. Tliis is a rare disease, 
closely allies! lo disserainatesl sclerosb, U?tli clinirally and patho* 
logically. Rilatcral optic or retn>biill>ar tieiirilis is 8*sodjte<i trith 
transverse myehtw. Acute Utatcral tetrob«U>ar ticuritls occuning 
without other lesions of the nervous system is probably a closely 
related disorder It eumetimes occurs also in ilifTuse sidiTwis. 

3. Si/philis A syphilitic lesion of the optic nerie, with thechanc. 
tcfistic endarteritis, is o rare cause of retrobulbar nenritU liiagnosis 
»nth the aiil of serological tests Is usually easy. 

4 Zositr Optic neuritis, going on to atrophy, w ith complete loss 
of visum, has been described in herpes ro«fer affecting the ei>men. 

5 Ortiliil ItifeclloM. Tlie optic nen'o may Iw involvwl in infiam- 
mntion spreading directly from the orbit, where it may l>e »iecond.iry 
to infection of the na.«al air smu-^'s or dental alwccsw. 

0. A/rnin^i7i» and Unecphalitis. As we have seen, infection may 
spread Into the nen'e from the meninges in any form of meningitis, 
and optic neuritis sometimeaoccurs in acute di*.scimnat<sl enccphalo. 
myelitis 

7 I’d/imin Z)c/cjency. Bilateral retrobulbar neuritis followcl by 
optic atrophy has been attributed to vitamin B deficicnev (Moore, 
1937). 

Clinical Features of Optic and Retrobulbar Neuritis. 

Acute uifiammation of the optic nerve leads to ivain in and behind 
the eye on ocular movement and on pressure. If the infiammntion 
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extends to tlie optic disk it causes papillitis, with the appearances 
of papiiloedema, though the swelhng of the disk is usually slight and 
haeinoirhages are uncommon MTien the inflammation is confined 
to the retrobulbar portion of the nerro the disk appears normal until 
signs of atrophy appear. This occurs in most cases, and is indicated 
by pallor of the disk, invoicing, m mild cases tlie temporal fibres, in 
severe cases the ivhole disk. Even after papilhtis the physiological 
cup is usiiallj’ preserved and the disk edge and vessels appear 
normal. 

In inflammation of the optic nervo the macular fibres suffer most, 
either because the central part of the nerve is most involved or 
because, being the most highl3' evolved part of the visual afferent 
system, they are the most ausceptible to damage. In consequence 
the characteristic visual field defect is a central scotoma, the loss 
for red and green objects being greater than that for white. In most 
cases improvement occurs in a few weeks, but the functional mani- 
festation of the residual atrophy is often a central scotoma, much 
smaller than that of the acute phase Helpful points of distinction 
between optic neuritis with papillitis, and papiiloedema due to 
increased intracranial pres«urc ore that m the former the swelling of 
the disk is slight in comparison with the loss of vision, in the latter 
the reverse is usually the case , and in optic neuritis the usual field 
defect is a central scotonta, in papiiloedema a peripheral concentric 
constriction. 

Optic Atrophv 

‘Primary’ and ‘Secondary’ Optic Atrophy. 

As the foregoing sections of tliis chapter show, optic atrophy may 
follow a variety of patliologieal states, and other causes have yet to 
be mentioned. \Vlien the pathological causes of optic atrophy were 
less understootl a confusing distinction was dra\vn between ‘primary’ 
and ‘secondary’ optic atrophy. This is purely an ophthalmoscopic 
distinction, ‘secondary’ optic atrophy being the term used when 
atrophy fofioivs some observable change in the retina and optic 
disk, and ‘primary’ atrophy when uo such cause is ophthalmoscopi- , 
cally obvious. We now recognize that even the ‘primary’ atrophies 
are secondary to some pathological state such as pressure upon or 
poisoning of the optic nerve. 

Causes of Optic Atrophy. 

(1) Familial Disorders. 

In these obscure diseases the optic atrophy is probably due to a 
primary degeneration which affects various parts of the nervous 
system including the retinae and optic nerves. 
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(1) Ctrdm-mneular D'^nfration, The infantilr fonn, nmaurotic 
family idiocy, Tny-Saclia di'*cft*c (w |» 'M), i< chnnctcriicd by n 
lipoid dcpcncTation of tbe gnnplion cell* of ibe cctma. oiTopUy of 
wbicli at the maciiU i* rr>«|>on«ble for tbe cbcrry-nHl »pot. 

Iq the htc infantile and jurmilo fonn* (Ihttcn-llaj-on lyi>e) tlm 
cherry -reel spot i* nWnI, but the maetda may It- pL'mrnfcd. 
Macular degeneration may occur a!-«o at pubertj- or early in n/liilt 
life as an inberitc*! (ll«onlcr llWir). 

( II ) The ItereliMry Alaiiae (see p. Cfi"). In lliw group of clo*c!y 
rcMciI disortlers there is degeneration of various pirts of the 
nervous aystem, c^jx'ciaUy of the ecrebcllum and its tract*. Any 
form of herr»iitary ataxLa may l>e fl‘^sodated uith optic atrophy. 

(III) Jldinilit /VymcB/<>«a. Tltis is on hertslitarj’ do<rti*e which is 
inhcritnl in some silwhips as o Mcndelian dominant, less often ns n 
reccs“!ve It is often n*«Qcwtc<l with nerve deafness an<l with a 
family historj- of cpilcj*sy. Tliero is a ch.smrteri*tie spidery blai k 
pigmentation of the (icripherv' of the retina, and the optic di«L 
exhibits a yellowish waxy pallor and much mluction in (hr calibre 
of the vc>-seli. The rietim9ofthl«dl*e.wrifrrf from iiightdduidne** 
and progre«.«i7e concentric constriction of the vUnal fichls. 

IlctinitLs pigmentma ual*oftftatureofthe LntirenreJiieilbMonii 
syndrome (sec p S20), 

(iv) LrUr't Ilerrriitnnj Oplie Atrvj>h;/. This i* a rnrr heirsUlar)' 
disenae which is tran-smittol a» a sex-linkts! rocessivT. Tlirre b a 
sudden onset of bilateral vbual impairment, usually btlwtvti tbe 
ages of Ifi and JIO. Tlie fields of vldon show tmtral srotoinas. 
PapilIitU may be present in the acute stage: later the disks are 
atrophic It has b«n attributeil to swTlling of the pituitniy, but i* 
more probably a familial form of optic or retrobulUnr neurilU. 

(V) CcmytuUaf 0;>(«c --llroply. Tim may be hcrolitarj' lT]iDmp!»on 
and Co-shoU) or an clement in congenital diplegia. 

( 2 ) Oplir Alwphp folloiciny Jldimt Ltsiowt. 

In this group the cau«c of the optic atrophj* is obvious on retino- 
scopy. It includes the various forms of retinitis and ehoroido-rctinitis 
and vascular lesions of the retina. 

( 3 ) Optic Atrophy JoVotcinj PapUlottfcma. 

Optic atrophy following papillcredcma has been clescribovl in a 
previous section of this chapter (see p. 139). 

(4) Optic Atrophy Jolloiciny Acute Optic nnd littrobtilbar yetirilu. 
The causes of this are discussed on p. 140. 
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(6) Syphilitic Optic Atrophy. 

The optic atrophy of tabes and general paralysis is primary, i.e. 
not preceded by risible retinal change. Both eyes are affected, but 
not always equally at first. There is much evidence that the primary 
change is an inflammation of the pial sheath of the optic nerves and 
that the myelin sheaths suffer before the axis-cylinders (Stargadt, 
Bohr). Others believe, houever, that there is some primnrj'degenera- 
tion of the nerve-fibres. ' 

Paton distinguishes tuo types: a parenchymatous degeneration 
with slow onset, losses in the jteriphcral fields and maintenance 
of good central visual acuity for a long period, and an interstitial 
lesion mth fairlj’ rapid loss of central vision and little involve- 
ment of the peripheral fields for while. Tlie disk is grey or white, 
often with a bluish tint. The physiolc^cal cup is preserved; the 
stippling of the lamina cribrosa is visible. The disk edge and vessels 
are normal. 

(fl) Toxic Optic Atrophy. 

The optic nerve fibres are susceptible to a number of poisons, 
though their mode and site of action are little understood. Among 
these are tobacco, lead, arsenic (especially tryparenmide) methyl 
mercury iodide, toxic substances associated with methyl alcohol, 
'carbon bisulphide, quinine, and aspidium filix mas It is uncertain 
whether tobacco, methyl alcohol, and carbon bisulphide cause 
degeneration of the retinal ganglion cells or act on the nerve.fibres. 
Quinine and aspidmm filbe mas are said to produce spasm of the 
retinal arteries and hence retinal atropliy. Any severe anaemia, 
especiallythafcfolloa'ingserereintcmalbaemorrbago.inaycau.TOoptie 
atrophy, probably by causingthe death of the ganglion cells. So too 
may diabetes 

(7) Pressure. 

Pressure is a common and important cause. In the eye itself it is 
produced by glaucoma. It may occur in the optic foramen, if this is 
narrowed by bony overgro^vth, as in Paget’s osteitis, or if a tumour 
arises from the optic nerve or its sheath, or even as the result of a 
thickened ophthalmic artery. Behind the foramen the commonest 
cause of pressure is a tumour, either of the pituitary body, or of the 
cranio-pharyngeal pouch, or a meningioma arising above the sella 
turcica or in the olfactory groove, cm a glioma of the optic chiasm, 
of the frontal lobe or of the tip of the temporal lobe. I^esBure may 
also arise from localized aradinoiditis of the optic chiasma, the 
distended floor of the third ventricle in obstructive hydrocephalus. 
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from an intracranial aneur^m, ae from arteriosclerotic intcnjal 
carotid arteries In the diagnoas of pressure -iipon the optic nerve 
the radiography of the optic foramina is often of value. 

Visual Fields in Optic Atrophy. 

No generalization can be made about the \Tsual fields in optic 
atrophy, since they depend entirely upon the cause. After papiH- 
oedema there are usually' enlargement of the blind spot and pcriplicral 
concentric constriction. Retrobulbar neuritis and the to.xic amblyo- 
pias are usually associated witli central scotomas, but in poisoning 
with quinine and aspidium filix mas the pcriplicnil part of thd 
fields suffers more than the centraL In tobacco amblyopia the sco- 
toma is centro-caecal. Pressure lesions may produce central .scotoma 
or other partial field defects. U must be rcmemberetl too that ojitic 
atrophy following both papillocdcma and pressure niion the optic 
nerve may indirectly be doe to an intracranial lesion which involves 
the visual fibres more posteriorly also, and itself eausca visual field 
defects. 

Prognosis of Optic Nerve Losloos. 

The prognosis of lesions of the optic nerve depends chiefly upon the 
extent to which tlie cause can be removed. IMien papillocdcma is 
doe to increased intraccanlal pressure, relief of this is usually followed 
by marked improrement in vision, provided optic atrophy has not 
already developed. Similarly great improvement in vision often 
follows quite rapidly the removal of dirMt jircssure upon the optic 
nerve, A eonsiderable degree of recovery can usually antidpatetl 
in optic neuritis and retrobulbar neuritfaduetodk*cminafetl sclerosis, 
and also in sporadic cases of acute bilateral optic and retrobulbar 
neuritis, though occasionally viaioo is permanently lost in this con- 
dition. The outlook is less satisfactory in optic atrophy of toxic 
origin, though some improvement may occur if exposure to the toxin 
can be terminated and recovery firom tobacco amblyopia is usually 
satisfactory. Tabetic optic atrophy, when severe enough to cause 
visual impairment, progresses in spite of all treatment. 

Treatment of Optic Nerve Lesions. 

The treatment of lesions of the optic nerve is primarily that of the 
cansal disorder. Patients suffering from retrobnlbarneuritis should 
be forbidden to read and shonld rest their eyes as macb as i>03sible. 
When retrobulbar neuritis is attended by much pain tliis may be 
reheved by the appheation of leeches to the temple. Potassium 
iodide may promote the absorption of ieflammatory exudate. 
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3 THE THIRD. FOURTH, AND SIXTH NERVES 

TitiRD-NERVE Paralysis 

After leaving the nucleus tho fibres of the third nerve- sweep 
outwards and fonvards through tJie posterior longitudinal bundle, 
the red nucleus, and the medial margin of tho substantia mgra to 
emerge from the brain-stem along the bottom of the sulcus oculo- 
motorius on the medial aspect of the basis peduncuU (Fig. 3). The 
nerve passes forwards between the posterior cerebral and superior 
cerebellar arteries, close to the posterior communicating artery, and 
pierces tho dura mater beside the posterior chnoid process in a small 
triangular space between the liee and attached borders of the 
tentorium cerebelli. It then iiasses tlirough the lateral wall of the 
cavernous sinus, where it lies close to the fourth, sixth, and first 
divi^on of the fifth, nerves, and enters the orbit thronj^ tVie superioT 
orbital fissure between the two heads of the external rectus muscle. 
Here it divides into two branches, the upper supplying the levator 
palpebrae and the superior rectus, and the lower the internal and 
inferior recti and the inferior oblique, the nerve to which supplies 
the short root to the ciliary ganglion. 
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Paralysis of the tliird nerve causes ptosis, complete internal 
ophthalmoplegia, and paralysis of the superior, internal, and in- 
ferior recti, and inferior oblique. The pupil is widely dilated owing 
to paralysis of the sphincter pupillae and the unantagoiiized action 



rio. 13. Reco^TTuig thini nrr\« paby on right aido 
ID » case of ophthalmoplegic migrainr. (Xotc the 
ptoau, dUattnl pu|^. and abduction of the cya due to 
unopposed action of the external icctus, and the over- 
action of the fronlalia muscle.) 

of the dilator, and fails to react. Accommodation is paralj^ed. The 
onantagonized external rectus causes outwanl deviation of tlie eye, 
and the only possible ocular movements are abduction, carried out 
by the external rectus, and a movement of depression, internal 
tQtation, and abduntuia by the enperioc obliquie. oS the 

levator palpebrae supenoris causes ptosis of the upper L'd, and the 
resulting closure of the ej'e masks the diplopia which becomes 
evident to the patient when the lid is passively raised (Fig. 13). 
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Although lesions of the third nenro usually cause botli external 
and internal oplithalmoplegia, it may Ijapi>en that in a partial lesion 
the irido-constrictor fibres escape, or that in recovery from a 
complete lesion the intrinsic fibres may recover before the extrinsic. 
When both the tliird nerve and the ocular ajinpathetic are injured, 
as may happen \\ith n lesioh just behind the orbit, the pupil is not 
dilated. 

Foujirn-NERVE Pabalysis 

The fibres of the fourth nerve after leaving the nucleus turn 
backwards through the jieriaqueductal grey matter on tho medial 
aspect of the mesencephalic root of tho trigeminal nerve, and then 
do^\^^w■a^d3 and medially to decussate in the superior medullary 
velum, whence the nerve emerges just behind the corpora qundri- 
gemina. It then passes round the cerebral peduncle, Ijdng between 
the peduncle and the temporal lobe, and pierces the free border of 
tho tentorium cerebelU lateral to the third nerve to enter the lateral 
wall of the cavernous sinus. It enters the orbit tlirough the superior 
orbital fissure above the ocular muscles ftn<l terminates in tho superior 
oblique. A lesion of the fourth nerve causes paralysis of this muscle 
with weakness of movement of tlio eye downwards and outwards. 
For the diameter of the resulting diplopia see p. 67, When the 
lesion involves the nucleus or tho fibres of the nerve wthin the 
midbrain before their decussation in tho superior medullary velum, 
the paralysis of the superior oblique Is on the opposite side to the 
lesion. When the nerve Is damaged in its cxtmcerchral course the 
paralysis is ipsllateral. 

StxTir-NERVE Paralysis 

Tho fibres of tho sixth nerve after leaving tlie nucleus just below 
tho floor of the fourth ventricle pass forwards through the pons to 
emerge at its inferior border above the lateral side of tho pyramid of 
tho medulla. It has a long extracerebnil course along the base of the 
brain before it pierces the dura mater of the posterior fossa, just 
below the dorsum sellao. Like the third and fourth nerves, it lies in 
the lateral wall of the cavernous sinus, whence it passes through the 
superior orbital fissure to terminate in the external rectus muscle. 
A lesion of the sixth nervo causes paralysis of this muscle with loss 
of abduction of the eye, which is deviated inwards by the unan- 
tagonized internal rectus (Fig. 14). For the character of the resulting 
diplopia, see p. 67. 


/ 


Causes of Paralysis of the Tnmo, Fourth, and Sixth Nerves 
The third, fourth, and sixth nerves may be damaged singly or 
together and on one or both sides. 
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ITiMi'n tht brain-Blm their nnclei or intracercbml fibre*? may be 
damaged by neoplasma, Tascalar lesions, eneephalitia, or dis'>emma(c<l 
sclerosis, and in the case of the sixth nerve syringobulbia. Con- 
genital aplasia of the nuclei may cause bihvteral external rectus 
paralysis mth or without fami parah^Ls. 

Inlmcranial tumour may cause direct compression of the nerves 
at any point m their course, but, in addition, 



FiO. 14. Congenita) bilalerel evttvnol reetin patsies. 


Increased intracranial pressure due to intracranial tumour or 
abscess remote from the nerves, or to hjxlrocephalus, may indirectly 
impair their conductivity. TbeeLvth nerve most often suffers in this 
way, and sixth-nerve paralj'sis may occur uith a tumour in any 
situation Supratentorial tumours probably' cause thus by displacing 
the brain-stem downwards and so stretching the nerve. The third 
nerve may also suffer, especially with tumours of the temporo- 
sphenoidal lobe. The fourth nerve escapes. 

Xeoplaslic injiitralion the may compress .the nerves 

in their passage across the base of the skull and through the dura 
mater Such meningeal metastasea may be derived from a priranrj’ 
glioma m the brain or from a primary extraecrebrargrowth, often 
arising in the nasopharynx, with secondaries in the bones of the b.ise 
of the skull 

Intracranial aneurym, especially when arising near the circle of 
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Willis, may directly compress one or more of the oculomotor nerves, 
especially the third nerve, or they may be subjected to pressure by 
extravasatod blood or clot after rupture of the aneurysmal sac. 

Ophthalmoplegic migraine is tho term applied to cases of recurrent 
ocular palsy, the onset of uhich is associated \\ntli severe headache 
and which tend to recover in the course of days or weeks, only to 
relapse subsequent!}’, finally becoming permanent. The third, 
fourth, or sixth nerve may involved (Fig. 13). The relationship 
of tliis condition to true migraine is doubtful (see p. 848). 

Syphilis is a common cause of ocular jjalsies through implication 
of the nerves in s 37 )hiUtic meningitis and is the commonest cause of 
a painless third-nerve palsy. 

In neningiiiSy cither pyogenic or tuberculous, both infection and 
compression of the nerves may occur. Extension of infection from 
tlie middlecar to the meninges overlying the tip of the petrous process 
of the temporal bone is responsible for sixth-nerve paralysis, \Titb 
or without trigeminal neuritis, occasionally associated with mastoid- 
itis — Gradenigo’s sjmdrorae. The basal meninges and cranial nerves 
may bo more cstenaivoly involved in a spread of infection from 
osteitis of the bones of the base of the skull. 

In encephalitis lelhargica and disseminated 'sclerosis tho inflam- 
matory process may occasionally involve the oculomotor nerves and 
the sixth nerve may suffer in iiohomyclitis, nliich may be the cause 
of some cases of external rectus palsy of sudden but unexplained 
onset in children. 

Polyneuritis. The cranial nerves, including those suppljdng the 
ocular muscles, may be the site of toxic polyneuritis, either with or 
without polyneuritis involving the limbs, polyneuritis cramalis. The 
sixth nerve is occasionally paralysed in diphtheria. 

‘ Bkeumatic' neuritis is the term applied to certain ocular palsies 
of unexplained pathology which seem akin to 'Bell’s palsy' of the 
facial muscles. The paralysis, which usually involves the external 
rectus, may follow exposure to a draught and usually recovers 
completely. 

Vascular lesions of the oculomotor nerves are not uncommon in 
elderly patients, especially those with high blood-pressure. Either 
the third, fourth, or sixth may bo involved. The lesion may be either 
haemorrhage or thrombosis, and complete recovery of function in 
two or tliree months Ls the rule. 

Diabetic ocular palsies are probably of the same nature. 

Within the cavernous sinus the oculomotor nerves may be para- 
lysed as a result of throrabo-idilebitis of the sinus, or of the pressure 
of an aneur j’sin of the internal carotid artery 

Paralysis of one of the oculomotor nerves, usually the sixth, 
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occasionally follows the admimstration of a s^pinal anaesthetic. Its 

precise cause is unknown. Recovery occurs in a few weeks 

Within the sphenoidal fissure the nerves may be implicated in 
orbital pertostilis. This may be due to an extension of infection 
from the nasal sinuses or, rarely, to syphilis. 1 have seen several cases 
m which it has followed the extraction of a tooth from the upper jaw, 
but m most cases no cause can be found and the condition is ascribetl 
to an ‘idaopathic’ or ‘rheumatic’ infection. The onset is rapid. In 
most cases, m addition to the third, fourth, and sixth nerves, the first 
division of the fifth nerve is involved, with pain associated with 
hyperalgesia or analgesia over its cutaneous distribution. Pain in 
and behind the eye is often severe and the eyo, which is tender on 
pressure, la usually slightl}* proptosed. In some cases some of the 
contents of the sphenoidal fissure escape, and the ocular paUy may 
be limited to the third or to the sixth nerve. The prognosis in peri- 
ostitis of the sphenoidal fissure is good, and in the idiopathic variety 
complete recoverj’ is likely to occur in a few months. A somewhat 
similar clinical picture la produced by tbe invasion of the orbit by 
carcinoma arUmff in a nasal sinus. Tbe onset, however, is more 
gradual and steadily progressive, and proptosb is usually more 
marked than in orbital periostitis. 

Treatment of Lesions of tbe Oculomotor Nertcs. 

I^atment is primarily that of tbe causal condition. When 
diplopia IS present the patient should wear a shade or a frosted glass 
in front of one eye for the relief of discomfort and vertigo. It it 
sometimes possible to diminish diplopia by the use of a pri«m. During 
the acute stage of perioititis of the sphenoidal fissure leeches may bo 
applied to the temple for the rehefof pain, and aspirin and iodide 
should be given. 
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4. THE FIFTH OR TRIGEinXAL XTIUVE 
pERiFnEKai. Distribution 

The fifth nerve contains both motor and sensory fibres. It is the 
principal sensorj- cranial nerve and represents a fusion of the sensory 
nerves of a number of metameric segments. It arises from the 
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inferior surface of tiie pons on ita lateral aspect by tivo roots, a large 
sensory root and a small motor root. The two roots pass forwards 
in tho posterior fossa and, piercing the dura mater beneath the 
attachment of the tentorium to tho tip of the jictrous part of the 
temporal bone, enter a cavity in tho dura mater overlying the apex 
of tho petrous bone. Hero the sensory root expands to form the 
semilunar or Gasserian ganglion, Mhich contains the ganglion cells 
of tho sensory fibres and is homologous with the posterior root 
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ganglia of the spinal nerves. The ganglion gives rise to three large 
nerve-trunks, ■which constitute the three divisions of the trigeminal 
nerve, namely, tho ophthalmic or first division, the maxillary or 
second, and the mandibular or thinl (Fig. 15) Tho motor root of 
the nerve passes forwards beneath the ganglion and becomes fused 
wnth the tliird division 

The Ophthalmic Neiwe. 

The ophthalmic division after lying in the lateral wall of the 
cavernous sinus together witli the tliiid, fourth, and sixth nerves, 
enters the orbit through the Buperior orbital fissure. It supplies the 
skin of the face and scalp, as follow’s: a narrow zone adjacent to the 
middle Vine throughout the length of the nose ; the upper eyelid 
and the scalp from the base of the nose and the eyelid as far back 
as the lambdoidal suture in the midline and for about 3 inches 
laterally to this. The first division also supplies sensory fibres to the 
eye, including the conjunctiva and the cornea, to the iris, and to 
the mucous membrane of the frontal sinuses and the upper part of 
the nose. It is uncertain whether scCTCtory fibres to the lachiymal 
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gland ate derived from the fifth nerve or from the geniculate ganglion 
of the facial nerve, reaching the gland by the great superficial 
petrosal, the sphenopalatine ganglion, the 8econ<l division of the 
tngemmal and the anastomosis between the temporomalar and the 
lachrymal nerves. 

The Maxillary Nerve. 

The maxiUary nerve after leaving the Gasserian ganglion passes 
through the foramen rotondum into the sphenop-alatine fo^^. It 
enters the orbit as the inirn-orbital nerve through the inferior orbital 
fissure, and then passing through the infra-orbital canal reaches the 
face through the infra-orbital foramen. It supplies the skin of the 
upper lip as far as the middle line and the skin of the cheek between 
the area on the nose supplied by the ophthalmic nerve and a Lne 
passmg upwards and slightly outwards from the angle of the mouth, 
crossing the aygoma about midway between the outer canihiis of the 
eye and the ear, and continuing upwards to join the lateral boundary 
of the area of supply of the first divbion on the scalp, about the 
cuddle of the temporal ndge. The masillaty dvvbvon also supplies 
the mucous membrane of the maxifiary antrum and of the Ion er part 
of the nose, together with the mucous membrane of the upper lip, 
the hard palate, and the soft palate, ex'cept its posterior border, 
together with the teeth of the upper jaw. 

The Mandibular Nerve. 

The mandibular nerve is formed by a fusion of the thml division 
of the Gasserian ganglion with the motor-root. Thc«e two toots pass 
out of the «kuU by the foramen ovale and unite to form a tingle trunk 
in the infro-teniporal fossa. The roandibularnerve supplies the skin 
of the lower Iip and chin, together with a zone of the cheek about an 
inch wide laterally to the lateral boundary of the cutaneous supply 
of the maxillary nerve and bounded below by the border of the area 
supplied by the cervical plexus. Above this its distribution evpands 
to include the tympanic membrane, the externa! auditory meatus, 
the upper half of the lateral aspect of the auricle and the skin of 
the temple, where its distribution is bounded anteriorly by the lateral 
border of the second division, above by the lateral border of the first 
division, and behind by a Ime drawn upwards from the external 
auditory meatus to the vertex in the region of the lambdOTtlal suture. 
In addition to this cutaneous area the mandibular nerve supplie.s the 
mucous membrane of the cheek, Jower jaw, floor of the mouth, and 
antenor two-thirds of the tmigue, and the teeth of the lower jaw. 
From the phorda tympani taste fibres pass to the anterior two- 
thirds of the tongue by the Ungual nerve, which is a branch of the 
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mandibular nerve. Jleningcal branches from tlio trigeminal nerve 
supply the dur* muter of the greater part of the skull above the 
tentorium and of the tentorium itself. 

The cervical plexus supplies a zone of tlio cheek about one inch 
u-idc overlying the angle of tho jaw 

The Motor Root. 

The motor root of the tngeimnal nerve innervates the folloiring 
muscles: the temporal, tho masseter, tho internal and external 
ptcrj’goids, tlie anterior belly of the <Hgastric and tlio mylohyoid 
muscle, the tensor tj'mpani and tho tensor palati. 

Cestbil Connexions 

The motor nucleus of the trigeminal nerve lies m the lateral part of 
the tegmental portion of tlio pons The mesencephalic root is probably 
also motor. Incoming sensory fibres of tho trigeminal divide, some 
passing into tho principal sensory nucleus, which is situated in the 
substantia gelutinosa in tlio lateral part of tho tegmentum of tho 
pons, Mhtlo others turn doimwanls to form the spinal tract ivhich 
descends on the lateral side of the siibstantiagclatinosii. Asthospinal 
tract passes downwanls its fibres gradually icnninato in the sub- 
stantia gclutinosa u Inch constitutes its terminal nucleus, the mtclous 
of the spinal tract. Botli the .spinal tract and its nucleus end in tho 
upper part of the spinal cord about the level of tho second spinal 
nerve. The sensory fibres entering the principal sensory nucleus 
are concerned «ith tactile and postural sensibility. From this 
nucleus relay fibres cross tlio middle line and form tlio trigemino- 
thalamic tract or trigeminal fillet at the inner end of the mesial fillet. 
Tho descending fibres of the spinal tract are concerned with the 
ajipreciationof pain and thermal sensibility Fibres from tho ophthal- 
mic division end in the lowest part of tho spinal nucleus, fibres from 
the mandibular division in the liighe.st part and those from tho maxil- 
lary dir ision intermediately Relay fibres from this nucleus cross the 
middle line and pass upivanls in close relationship nith the median 
fillet to join the spino-thalamic tract m the pons. 

Lesions or the Tbiceminal Nerve 
Peripheral Lesions. 

The nerve may be involved between tlie pons and tho Gasserian 
ganglion in inflammatory lesions such as syphilitic meuingitis, or it 
may be compressed by a tumour or an aneurysm. This part of the 
nerve commonly undergoes degeneration in tabes. In the Gasserian 
ganglion it may be compressed by a tumour of the ganglion itself or 
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of the pituitary body, or by a menin^oma arising in its neighbour- 
hood, or damaged by fracture of the base of the skull involring the 
middle fossa. With the sixth nerve it may be involved in inflamma- 
tion spreading from the petrous bone in mastoiditis — Gradenigo’s 
syndrome Inflammation of the ganglion occurs in trigeminal herpes 
zoster The peripheral branches of the nerve distal to the ganglion 
are a common site of interstitial neuritis and may be injured as a 
result of fracture of the bones of the face. Lesions of the nerve often 
cause pain, which is referred to the cutaneous area of its distribution 
and may be associated with cutaneous anaesthesia and analgesia. 
\Mien the nerve is involved between the pons and the ganglion, all 
three divisions are likely to be affected, but lesions involving the 
ganglion itself may lead to symptoms which are confined to one 
division, most frequently the first. Lesions of the motor root cause 
weakness and wasting of the mnscles of mastication on the affected 
side Wastmg of the temporal muscle and of the inassetcr leads to 
hollowing above and below the z 3 'goma, and when the patient is 
made to clench his teeth palpation reveals that contraction of these 
muscles is less vigorous than on the normal side. ^\*bea the moutli is 
opene<l the jaw deviates to the paralysed side as a result of the un- 
antagonized action of the external pterj’goid on the opposite side. 

Central Lesions. 

The central connexions of the trigemioal nerve may be involved 
m lesions, especially* tumours, eyiingobulbia and vascular lesions, 
affectmg the pons, medulla, and uppermost cervical segments of the 
spinal cord Tlie motor nucleus may be affected by* a lesion in the 
lateral part of the tegmentum of the pons, in w'hich case weakncvi 
of the muscles of mastication is usually associated with paresis of the 
external rectus and facia! paresis on the affected side. Giving to 
the divergence of the sensory fibres ofthe trigeminal nerve within the 
brain-stem, dissociation ofsensibibty over the face commonly results 
from centra! lesions. A lesion of the pons w hich mvolves the principal 
sensory nucleus will cause anaesthesia to fight touch over the 
tngemmal distribution, ivith preservation of appreciation of pain, 
heat, and cold On the other hand, lesions involving the medulla and 
the upper cervical segments of the spinal cord, by injuring the spinal 
tract and its nucleus, will cause analgesia and thermo-anaesthesia, 
with preservation of sensibibty to light touch and sometimes severe 
and persistent spontaneous pain referreil to the trigeminal area. 
This latter dissoriation is chaTacteriatio of syringobulbia and of 
thrombosis of the posterior inferior cerebellar artery. Since the 
first diri‘5ion of the nerve is represented lowest and the third 
division highest in the spinal nucleus a lesion of the lowest part 
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of the mctlulla will cause analgesia limitetl to the first and second 
divisions only. SjTingobuIbla, however, leads to a characteristic 
progressive advance of the border of the analgesia, w'hich begins 
posteriorly and gradually converges upon the tip of the nose and 
the upper lip, these being usually the last places to lose painful 
sensibility. 

A lesion of the pons may also cause analgesia and thermo- 
anaesthesia on the opposite side of the face through damage to the 
crossed bulbo-thalamic tract. 

Neuropathic Keratitis. 

Neuropathic keratitis is a degenerative lesion of the cornea which 
may follow a lesion of the fifth nerve in any part of its course, in- 
cluding the pons, provided corneal analgesia results. Neuropathic 
keratitis is most frequently scon as a sequel of alcoholic injection of 
the Gasserian gangbon for trigeminal neuralgia. It may also occur 
as a result of vascular lesions or of tumours involving the pons and 
medulla and of compression of the fifth nerve in its peripheral course 
by a tumour, or of extension of inflammation to it in syphilitic or 
pjogcnic meningitis. In some cases it occurs in association witli 
comeal analgesia for which no cause can be found. Why comcal 
analgesia should cause neuropathic keratitis is at present uidtnown. 
It has been variously suggested that the comeal lesion is the result 
of loss of hypothetical trophic Impulses, or of vasomotor disturbances, 
or is due to the analgesia’s rendering the cornea more liable to small 
traumas, or to desiccation of the surface of the cornea resulting 
from a diminished secretion of tears. At the onset of neuropathic 
keratitis the whole corneal surface becomes faintly stippled and hazy 
and the cornea begins to Jose its surface epithelium. Secondary in- 
fections may follow, resulting in more severe changes. 

The treatment of neuropathic keratitis is described on p 164. 

Tbioeminal Neuralgia 

Synonym r Tic douloureux. 

Definition: A disorder characterized by paroxysmal brief attacks 
of severe pain within the distribution of one or more divisions of the 
trigeminal nerve usually without evidence of organic disease of the 
nerve. 

Aetiology and Pathology. 

The cause of trigeminal neuralgia is obscure. Histological examina- 
tion of the Gasserian ganglion has revealed no changes which can 
bo held responsible. The association of the disorder with dental 
infection and occasionally with infection of the maxillary antrum 
suggests that infection plays a part in aetiology, but the fact that 
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infection of the teeth and antrum w common, while trigeminal 
neuralgia is comparativelj* rare, appears to indicate that some 
additional factor exists which predispo^ to the disorder. There is 
reason to believe that certain indindtiais arc more liable than others 
to all forms of neuralgic pain, and it may be that in such per'Ons 
chronic infection of the endings of the trigeminal nerve sets up 
attacks of pam which are perpetuated by functional changes wthin 
the central nervous system. Females are affected more frequently 
than males in the proportion of three to two. Heredity plaj's a jiart 
in causation in some cases. In 2 per cent- of Harris’s eases one of the 
patient’s parents liad been a sufferer. 

Rarelytngemmal neuralgia isnsymptom oforganienervousdUease. 
Unilateral or bilateral trigeminal neuralgia associatetl uith spastic 
paraplegia is a distinctive sjTidfome, uhich in some cases has been 
proved to be due to disseminated BcIero«k, and characteristic attacks 
rarely occur as a result of compression of tho nerve by a tumour or 
m association irith neurofibromatosis, facial hemiatrophy, facial 
myoclonus, or Paget’s osteitis 

Trigeminal neuralgia may begin at any age after puberty, but it 
is rare before middle life and in most cases the onset occurs nt about 
the age of 50. Sometimes emotion, exposure to cold, ora blow on the 
face appears to precipitate the first attack. 

Symptoms- 

The characteristic feature of trigeminal neuralgia is the occurrence 
of bnef, severe paroxysms of pain, which is usually for a long time 
confined to the distribution of one division of tho nerve. The second 
and third divisions are the site of the pain with approximately equal 
frequency Tho first division is rarely affected and then Uaually 
only after the second division has been involved. Whether tho pain 
first mrolvca the second or third division, It usually in the course of 
time spreads to the other of the two lower divisions. In a small 
proportion of cases it is bilateral, though rarely from the onset. 

In an attack the pain is usually most intense in, and may be 
confined to, part of the region supplied by the affected division. Thus 
it may be most marked in the cbeek, the upper jaw, the lower jaw, 
or the tongue It tends to spread, however, through the rest of the 
divisional area. It is usually desenbed as burning or stabbing. One 
of the most striking features of the attacks is that they tend to be 
precipitated by chill, by touching the face, as in washing, by talking, 
mastication, and swallowing. Many patients describe ‘trigger zones’, 
touching which will invariably excite an attack. The attacks are 
always bnef and do not last longer-than one or two minutes Tlie 
pain IS very severe and during the attack the patient may be in ' 
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ftgon}’. Tho pain often reflcxiy evokes spasm of the muscles of the 
face on the afiected side, hence the term ‘tic douloureux’. Fkishing 
of the skin, lacrimation, and salivation may also occur. 

In trigeminal neuralgia there is no reduction of sensibility over 
the distribution of the nerve So-callcd trophic changes in the skin 
have been described, but it is probable that these are the result of 
the patient’s rubbmg the face during the attack or of remedies which 
have been applied m his attempts to relievo the pain The attaclcs 
ma3’ interfere with the taking of food, and the recurrence of severe 
pain over a long period tends to cause loss of w. eight and depression. 
Fortunatelj’ tho attacks usually cease at night, though they some- 
times awaken the patient from sleep. Ixmg periods of freedom from 
pain, lasting weeks or months, arc the nde m the earl}' stages. 

Diagnosis. 

There is usually little difficulty in diagnosis if attention is paid to 
the cardinal symptoms, es|)ccially the juroxysmal character of the 
attacks with fteedoin from pain in the intervals, the factors which 
precipitate them, and the absence of signs of an organic lesion of tho 
none In rare cases, however, this 8}iKJrome may be associated with 
organic disease, for e.vample, dissemiiiate<I sclerosis or tumour of the 
eighth nerve Other signs of these disorders, however, ate usually 
present. It is important to distinguish trigeminal neuralgia from the 
pain due to a gross lesion of the nerve, especially compression by a 
tumour. In such cases the pam is more persistent and is usually 
associated with impairment of sensibility m tlie distribution of tho 
nerve, and weakness of the muscles supplied by the nerve is often 
present Trigeminal pain may follow lesions of the central connexions 
of the nerve within the brain-stem, for example, thrombosis of tlie 
posterior inferior cerebclhar artery In such case.s, however, other 
signs of a brain-stem lesion arc present. Post-herpetic pain of tri- 
geminal distribution is distinguislie<l by the history of the zoster 
eruption, which leaves characteristic residual cutaneous scars, by 
the persistence of the pain, and by tho impairment of sensibility. 
Tabes dorsalis is an occasional cause of paroxysmal attacks of pain 
witbin the trigeminal area Tlie characteristic signs of tabes, 
however, render the diagnosis of the cause of tho pain easy Neuritis 
of branches of the trigeminal nerve, especially of the supra-orbital 
and of the auriculo-temporal, causes jiain within the distribution 
of the branch affected. In cases of neuritis there is a history of a 
recent acute onset ; the attacks of pain tend to last for hours, %vith 
paroxysmal exacerbations ; the affected nerve is tender on pressure ; 
and there is often hyperalgesia, or more rarely relative analgesia, over 
the cutaneous area supplied by the nerve. 
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In severe cases temporary relief may he afforded by a powder 
containing aspirin, gr. 10, pyramidtm, gr. 10, and heroin, gr. 1/lOth, 
but neither heroin nor morphine should be prescribed regularly in 
view of the risk of habit formation. Trichlorethylene, when inhaled, 
possesses the peculiar property of causing anaesthesia within the 
trigeminal distribution and has been found to afford relief in some 
eases of trigeminal neuralgia. Twenty to twenty-five drops of a 
chemically pure preparation are ponr^ on to piece of gauze and 
inhaled through the nose until the odour has disappeared. This 
sliould be done three times a clay, the patient being recumbent, 
since giddiness may occur, and care bemg taken that the hqukl does 
not touch the nose. Trichlorethylene almost alwaj’s affords some 
relief from the pain and in some cases the benefit is lasting 

If the pain cannot be controlled by medicinal measures, it will 
become necessary to interrupt conductivity in the fifth nerve. This 
may be done by alcoholic injections of the nerve at various points 
or by surgical division of the nerve. 

Alcoholic Injection. 

The eupra-orbital nerve may be injected with alcohol at the 
supra-orbital notch, the infra-orbttal nerve at the infra-orbital 
foramen; the maxillary nerve, at its point of emergence from 
the foramen rotundum , the mandibular nerve, at the foramen 
ovale. Alternatively all three divisions can be reached together at 
the Gasserian gangUon Injection of the ganglion should theoretic* 
ally afford longer relief from pain than the injection of the nerves or 
their branches outside the skull, since in the latter case regeneration 
of the nerve-fibres occurs and the pain returns as a rule in from one 
to two years. Since the ganglion cells are situated in the gangUon, 
their complete destruction should prevent regeneration of the nerve 
and lead to permanent relief of pain. This happy result, however, 
frequently fails to follow injection of the gangbon. The ganglion 
injection possesses tbe disadvantage that it causes analgesia of the 
first division, which is rarely the site of pain, and is not uncommonly 
followed by neuropathic keratitis. Surgical division of tbe sensory 
root of the nerve, which is the operation now generally carried out, 
gives permanent relief from pain but possesses the disadvantage 
that it requires a surgeon who is experienced in the technique of 
intracranial surgery. In the best hands it has a mortality rate of 
less than 1 per cent. The relative advantages of alcoholic injection 
and surgical division and of the different sites of injection must be 
considered in each case. When injection has been decided upon, tbe 
following would seem the best method of procedure. 

When the maxillary nerve is alone involved injection at the 
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infm-orbital fornmen inny Crbt bo triwj. If tlic first divi'iion is 
affccfwl as wclJ, the aiipm-orbitaj ncn'c c«n injcoffd at the same 
time If injection of the moiiUarynerrcnt the infm-orbitnl fommen 
docs not give relief, it should be injcctwl nt the foramen rolunilutn. 
When the mandibular nerve lialOMo involved it should be injectisJnt 
the fornmen ovale. Whenthefsccoiid,<»r the first and second, divisions 
are affected as well as the thinl, the ganglion should be injected. 

Operative division of the sensory root of the nerve shoiihl l>c 
reserved for ca.«ca in uhieb rcpcattsl injections liavo failed to give 
reliefer when the patient is going abroad or for some other reason 
desires to avoid the necessity for repented injections. 

MrlhofhoJ Jnjtdion. TIic equipment re<jiiirc«l for injection con''i'‘ts 
of a pet of neeilles, a 2 c c. record aj-ringe, a ” jicr «-nt. solution of 
novocain, and 00 i>cr rent. aJeoboL The l>cst nectiics for tlie purpose 
are Hams’a pattern, made by Mcesrs. \I’cis!», Four lengths will l>e 
rcquireii — 23, 3J, 4, and 5 inches. A general iinnestlietic is not naa 
rule required an<I should lie avoKled If jiossible, as it is helpful to 
have the co-operation of a conscious patient. A ijnartcrof a ;lr8in of 
morphine together with l/lOOth grain of hyo«cine may be given an 
hour before the operation. 

Injedion oj ike Supra orkiiat AVire. 

An ordinary hypodermic nccillc U euUable for the injection of 
the suprn-orbital nerve, which is injccteil at the notch by wLlcii it 
issues from the orbit to the scalp. The skin is steriltzod u ith iodine 
and the notch Is then twlpated with the left forefinger, whicli guides 
the needle as it enters the notch. As the ncciUe enters the nerve the 
patient experiences a twinge of pain, whirl) radi.stes over the fore- 
head to thoverte-v. One or two drops of novocain are now injected, 
and, if the needie is within the nerve, nnaesthei-ta of the nusliat half 
of the forehead rapidly develops. About ten minims of alcohol are 
then slowly injected. 

Injection of ilit Maxillary AVrte 

1 At the Infra-orbital Foramen. Tlio woxillarv nerve emerge'* 
from theinfra-orbital foramen Ivncalh the skin of the cheek nlxiut a 
quarter of an inch below the lower mar^n of the orbit atul aliout one 
inch from the middle Ime The akin in this region is sterilized with 
iodine, and the shin and subcutaneous tissues are anaesthetized with 
a few drops of novocain. Tlie smallest Weiss ncetlle is then intro- 
duced in the region of the foramen, whicli is usually found without 
difficulty, the left forefinger being kept pressed upon the orbital 
margm to make sure that the needle does not enter the orbit. Tlie 
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point of the neodlo is pas'setl into the fonmen for about half an inch 
and one or two drops of noxocain .ire tiicn injected. This should 
rapidly produce nnacsthcsi.i ot the upjH r lip cheek, side of tlio no.so, 
and the loner oyolid. When thi •m.wstlie'iia has developed, the 
operation is completed by slonh injecting about 1 c cm. of alcohol 
into tho nerve. 

2. At the Fommen TioiiimUun (Ilamt) Tiie skin of the cheek is 
marked at the j>oint w here I he anti nor border of tho coronoid process 
forms an angle with the malar Ixme above, and another point is 
marked where the frontal process of the malar bono bends upwanls. 
These points are joined by a straight line, a piano through which 
perpendicular to the cheek p.isvi*s through tho foramen rotundum. 
The skin having been painteil with iodine, the first point marked, at 
which tho neodlo is to be introduced, is anaesthetized with novocain. 
The point of tho ncedlo is then mtro<liKc<l at tho lower point marked 
and pas.sed upwartls and iiiwanls at an angle of about 40® above tho 
horizontal in the piano indicated If tho direction U correct tho point 
should piss behind tho mavllh and entering tho ptcrygo-maxlllnry 
fissure should reach tho siiponor maxillary nerve at the foramen 
rotundum at a depth of 2 or 21 ineliea When thonervo is struck tho 
patient usually complains of pain rcferrotl to tho side of tho noso and 
upper lip. Two or three drops of novocain solution should now bo 
injcetcfl, and if tho point of the ncwlle w in contact with tho trunk of 
the nerve slight anaesthesia will develop in tho distribution of tho 
second division. AVhen the position of tho neetllo has boon thus 
confirmed a few drops of alcohol arc slowly injected. Thin usually 
produces a burning sensation on tho check, lip, and noso, which 
passes off as more alcohol is injected, which should be done until tho 
burning ceases and the anaestliesia is complete. 

Sometimes it is impossible to reach tlio foramen rotundum in 
front of tho coronoid jirocess when the mandible and maxilla are 
exceptionally well developed. In such cases an alternative route 
must bo used, the needle being introduced at tho point behind tho 
coronoid jirocesa used for injection of the third division (sco below). 
The needle is directed forwards at an angle of from 16® to 30® and 
upwards at an angle of 16®. Wien its point strikes the external 
pterj’goid plate it should bo manipulated forivarda until it slips in 
front of tho anterior edge of the plate, when tho nervo should be 
louiui at a sVif^tly deeper pomt. Tlie iwpsMtvwn » Hicw towUwwd as 
already described. 

Injection of Ike ]\IandiOular Nerve, 

Two routes are available for the injection of the mandibular nerve 
as it emerges from tho foramen ovale — a horizontal lateral approach, 
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as practised in this country, especially by Harris, and an ascending 

anterior approach, recommended by Hartel. 

The Lateral Louie (Hama) By this route the needle passes 
beneath the zj^oma and through the sigmoid notch of the mandible. 
Before begmning, the ander-sorface of the zygoma should be marked 
on the skin and another line should be drawn from the incisura 
notch of the ear to the lower border of the ala nasi. This line normally 
corresponds to the lower border of the sigmoid notch. To determine 
the rertical plane beneath which the foramen orale lies, draw o 
vertical hne downwards from the zygoma one inch in front of the 
middle of the eirtemal auditor^' meatus. A needle introduced at the 
pomt at which the vertical line crosses the line marking the sigmoid 
notch and pushed inwards and slightly upivards should reach the 
foramen ovale at a depth of between 4 J and 5 cm. A slightly better 
line of approach is afforded by introducing the needle a quarter of an 
inch in front of this point and passingit inwards and slightly upwards 
and backwards. The akin is sterilfaed with iodme, and it and the 
subcutaneous tissues are anaestbefized with novocain. The needle 
is then introduced in the manner described. In edentulous persons 
there may be dl/Sculty in clearing the sigmoid notch, in which case 
a dental prop should be placed between the gums, \nien the point 
of the ae^e strikes the mandibular nerve the patient usually, but 
not always, complains of a stab of pain in tbe lower h’p, chin, tongue, 
or auricle. One or two drops of novocain solution should now be 
injected and, if the point of the needle is in the nerve, anaesthesia 
uiU develop in ita cutaneous distribution. Only when the position of 
the needle is thus confirmed should alcohol be substituted for the 
novocain and injected drop by drop up to a total of 1 c cm. At first 
tbe injection of alcohol is attended by a burning sensation referred 
to the distribution of the nerve, but this passes off in a few seconds. 
If when the needle is first introduced pain is felt deep in the ear, it 
probably indicates that it has been pointed too far backwards and 
has penetrated the Eustachian tube. On the other band, if the point 
of the needle is too low, it may penetrate the pharynx and cause 
pam in the throat. In either cose the needle should be withdrawn 
slightly and a fresh attempt made. Incase of difBculty it is sometimes 
helpful to direct the needle slightly forwards and downwards so as 
to strike the external pterygoid plate. The point is then moved 
backwards until It slips off the posterior edge of the plate, when tlie 
paint ghcfuld be directed ttpinudsaada liitk fartAer bac^-ards, to 
strike the foramen ovale. 

The Anterior Jloute {Uarrit'e modijii^lion of tlSrUVa method). 
The middle of the zygoma is marked with a horizontal line and a 
pomt marked on this hne 1 inch in front of the middle of the external 
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auditory nicatii'? A line is no\r drawn doimwards from the external 
angle of the orbit parallel with the middle lino as far as the angle of 
the mouth. A point is marked on tliis line 1 to IJ cm. above tlio 
angle of the mouth. A line Is now drawn through this point up to 
the low cr eyelid in the direction of the jnipil w hen tlic eye is looking 
straight forwartl, and another lino from the same point up to the 
point marked on the xygonia. Both tl>eso lii\es are prolonged dowm- 
uanls. To reach the foramen ovale the needle must he introduced at 
the point of intersection of tho three lines and pushetl upw ards and 
inwards in tho plane of tho line of the zygoma point svhen seen from 
tho side, an<l in a plane half-way between tho line to the pupil an<l 
that to tlio outer angle of the orbit, when seen from the front The 
point of tho needle will reach the foramen ovale at a depth of from 
5 to 71 cm., and tho ganglion itself at a depth of from 7 to 8| cm. 
A 10 cm. needle is used and tho skin sterilized ami anaesthetized in 
the usual way. When there is reason to bcliovo that the point of the 
needlo has entered the mandibular nerve, novocain and alcohol are 
injected in tho same way as when the lateral route is employed In 
using tho anterior route, if the necillo is introduced too horizontally 
It may strike the Eustacfilan tube, causing pain referred to tho deep 
part of the car, if too far medially, It may penetrate tho jiliarynx. 
If it is introduced in the right direction hut too deeply, it may pass 
through the g&ngUon and enter the subarachnoid space, in w hicli 
case ccrebro-spinal fluid will drip from the noodle when the stylet 
is withdrawn. If the needle is inisdirccteil or introduced too far the 
necessary correction must bo made before novocain is injected. The 
internal maxillary artery may bo injured by either route, in which 
cases a haematouia rapidly develops. This is of no serious conse- 
quence, as tho bleeding can bo arre.sted by pressure applied to the 
cheek. 

Inj£elio7i of the Ganglion. 

TIio method of inj'ecting the ganglion itself is, except for slight 
modifications, the same as that cmploj^cd for injecting the mandi- 
bular nerve, but if it is desired to inject the ganglion this can bo 
accomplished mth greater certainty by tho anterior than by tho 
lateral route. If tho lateral route is employed it will usually be 
found that if more alcohol is injcctcil after producing anaesthesia 
of the mandibular nerve, the first and second divisions -will also 
become anaesthetic, indicating that the alcohol is infiltrating tho 
ganglion. When the anterior route is used, after striking tho mandi- 
bular nerve the point of the needle is advanced a further 1 cm. to 
reach the ganglion. Injection of novocain should then produce 
anaesthesia of all three divisions, and alcohol is then injected into 
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THE CRANIAE XERVES 
5. THE SEVTOTi OR FACUL XERM^ 

Origin, Couhse, asd Distbibction 
The seventh cranial nerve contains motor fibres onl^', though it is 
associated in part of its coutsb -ffith a small number of sensory 
fibres going to the external aiitlitoty* meatus, with fibres whicl;^ 
excite sahvary secretion and tritli others which conTCy taste impulses 
from the anterior two-thirda of tlie tongue. These secrctorj' and 
gustatory fibres travel in the pars intermedia of Wrtsherg. TIic motor 
nucleus is situated in the ventral part of the tegmentum of the pons. 
The fibres which take origin from tliis nucleus pass backwards in the 
pons almost as far as the fioor of tbe fourth ventricle, where they 
form a loop around the nudeus of tbe sixth nerve before turning 
forwards to emerge from the lateral aspect of tlie lower border of tho 
pons, on the medial side of the eighth nerve, from w hich the seventh 
IS separated by the pars intermedia. The three nerves then pass 
together from the pons to the interna] auditory meatus. Within the 
petrous portion of the temporal bone tbe Iscl.al nervo occupies the 
aqucductus Fallopii or facial canal. After passing outwards it turns 
sharply backwards on the medial side of tbe middio cur and tlien 
downwards behuvd it to emerge from tbe skull at the stylomastoid 
foramen At the backward turn of the nerve it expands to form the 
geniculate ganglion which receives the p-nrs intermedia and which 
contams the ganglion cells of the taste fibres of tlic chorda tympanl. 
It sends branches to the sphenopalaiine and otic ganglia, carrying 
fibres for the secretion of saliva. Within tbe facial canal the facial 
nerve gives off a nerve to the stapedius muscle, anti the cJiorda 
tyrapam nerve which carries gustatory fibres to the anterior two- 
thirds of the tongue The chorda tympnni after crossing the tym- 
panic cavity emerges from tbe skull by the iter chordae antcrius 
and umtes with tbe lingual nerve, a branch of the mandlhular nerve, 
beneath tbe external pterygoid muscle. The facial nerve after euierg- 
mg from the stylomastoid foramen gives branches to the stylohjoid 
muscle, to the posterior bcUy of tbe digastric and tbe occipital belly 
of the occipito-frontalis, and then turns forwards to divide within 
the parotid gland into a number of branches which innervate tlie 
muscles ofexpression, includiug tbe buccinator and the platyama. 

FaCTAE PARAtYSB 
Facial paralysis may be uue to: 

1. A supranuclear lesion involving the pyramidal fibres concerned 
in voluntary facial movement. 

2 A supranuclear lesion involving the fibres concerned in emotional 
movement of the face — mimic patalysU. 
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3 Nuclear and infranuclear lesions involving the lower motor 

neurones. 

4 Primary degeneration or disorder of function of the facial muscles 

1. Facial paralysis due to a aupranudear pyramidal lesion is dis- 
tinguished by the fact that movements of the lower part of the face 
are affected more severely than those of the upper part, and that 
though voluntary retraction of the angle of the mouth is weak, 
emotional and associated movements of the face are little, if at all, 
affected. Reaction of degeneration does not occur in the facial 
muscles. 

2. The occasional occurrence of wcaiiiess or adoU'lion of emotional 
movements of the face with retention of voluntary movements and the 
escape of the former after pjTamidal lesions indicates that the 
nervous impulses concerned in emotional movement of the face 
employ a different supranuclear path from the pyramidal tract. 
This path appears to originate in the frontal lobe, anterior to the 
precentral convolution, and most cases of mimic faci.nl palsy are due 
to lesions of the anterior part of the frontal lohe. This dissociated 
form of facial weakness has also been described as a result of lesions 
in the neighbourhood of the optic thalamus. 

3. Lesions inioUiny the loteer motor nevrones supplying the facia] 
muscles, since they destroy the final common path, affect to an equal 
extent all forms of facial movement, and as a rule the upper and 
lower facial muscles are equally weakened. The symptoms of facial 
paralysis due to lower motor neurone lesions arc described in detail 
in tbo section dealing with Bell’s paralysis The facial lower motor 
neurones may bo involved by a lesion: 

(i) within the pons ; 

(ii) within the posterior fossa, between the pons and the internal 
auditory meatus ; 

(iii) witliin the temporal bone , 

(iv) after emergence from the skull , 

(v) they may be the site of neuritis, throughout their length. 

(i) Pontine Lesions. Massive lesions involving the facial nucleus 
or the fibres of the facial nerve inevitably affect in addition neigh- 
bouring structures Facial paralysis due to such lesions is, therefore, 
usually associated with paralysis of tlie external rectus, or of con- 
jugate ocular deviation to the same side, and often with paralysis 
of the ipsilateral jaw-musclcs. ThCTe may also be sensory loss due 
to involvement of the spinal tract and nucleus of the trigeminal 
nerve and of the spino-thalamio tract, or a pyramidal lesion of the 
upper and lower limbs on the opposite side. Acute and chronic 
degenerative lesions of the facial nuclei are likely to involve other 
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G. THE SEVENTH OR FACIAL NERVE 

OHtOIS, CoCRSE, Asn OlSTKIBCTIOV' 

Hie seventh cranial nerve contaiaa tnolor fibres enh-, though Jt !•» 
associated in part of its cour<c ■with n small tmmlicr of wnsora' 
fibres going to the estema! audllorj* meatus with fibrt-i whic^ 
excitesalivarj" secretion and with others which conrea taste impuWs 
from the anterior two-thirds of the tongue* The-e eecretorj' nn<I 
gustatorj’ fibres travel in the pars intermedia of Wrwbcrg TJic motor 
nucleus is situated in the ventral part of the tegmenttim of the |ons. 
The fibres which take origin from this nucleus pass backwards in the 
pons almost as far os the floor of the fourth ventricle, where the_\ 
form a loop around the nucleus of the sixth nme lx fore turning 
forwards to emerge from the lateral asjjcct of the lower Ixmlcrofthe 
pons, on the mctlial side of the eighth mrve, from which the seventh 
is separated hj* the pars inlcrmedia. The three nerves then pass 
together from the pons to the internal auditory mealu* Within the 
petrous portion of the temporal Iwnc the faebl nerse occupies the 
aqueductua Fallopii OP facial canal. After paasing oulnards it turns 
sharply backsvards on the medial side of the middle ear and then 
doirnwards behind it to emerge from the skull at the stylomastoid 
foramen. At the hack want turn of the nerve it expands to form the 
geniculate ganglion which rcccis'os the para intermedia and which 
contains the ganglion cells of the ta«to fibres of the chonla tympvni. 
It sends branches to the tplienopalaline and otic gangli'\, carryuie 
fibres for the secretion of saliva. Within the facial canal the facial 
nerve gives off a nerve to the stapedius muscle, and the chorda 
tympaiu nerve which carries gudatory fibres to the nutcriortwo- 
thuds of the tongue. TIio chorda tympani after crossing the tym- 
panic cavity emerges from the skull by- the iter ehonhso antcrius 
and unites with the lingual nerve, a branch of the mandihuksr nerve, 
beneath the external pterygoid muscle. Tlie facial nerve afier emerg- 
ing from the styloma.«to1d foramen gives branches to the stylohyoid 
mnscle, to the posterior belly of the digastric and the occipital belly 
of the oecipito-frontalLs, and then turns forwards to dii-idb within 
the parotid gland into a number of branches which inncnnlo (he 
muscles of expression, including the bueclnatorand the plat ysraa. 

Fscjal Paralysis 
Facial paralysis may be duo to: 

1 A supranuclear lesion involving the pyraniidal fibres concenwHl 
in voluntary facial movement. 

2 A supranuclear lesion involving the fibres concemwl in emotional 
movement of tbe face — mimie paralysis. 
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3. Nuclear and infranuclear lesions involving the lower motor 

neurones. 

4. Primary degeneration or ilisorderoffimction of the facial muscles. 

1. Facial paralysis due lo a supranuclear pyramidal lesion is dis- 
tinguished by the fact tliat movements of the lower part of the face 
are affected more severely than those of the upper part, and that 
though voluntary retraction of the angle of the mouth is weak, 
emotional and associated movements of the face are little, if at all, 
affected. Reaction of d^eneration does not occur in the facial 
muscles. 

2. The occasional occurrence of tceatness or abolition of emotional 
movements of the face with retention of voluntary movements and the 
escape of the former after pjTamidal lesions indicates that the 
nervous impulses concerned in emotional movement of the face 
employ a different supranuclear path from the pjTamidal tract. 
This path appeara to originate in the frontal lobe, anterior to the 
precentral convolution, and most cases of mimic facial palsy are due 
to lesions of the anterior part of the frontal lobe. This dissociated 
form of facial weakness has also been described as a result of lesions 
in the neighbourhood of the optic thalamus. 

3. Lesions involving the Iwver motor neurones supplying the facial 
muscles, since they destroy the final common path, affect to an equal 
extent all forms of facial movement, and as a rule the upper and 
lower facial muscles are equally weakened The symptoms of facial 
paralysis due to lower motor neurone lesions are described in detail 
in the section dealing with Bell’s paralysis. Tlie facial lower motor 
neurones may be involved by a lesion: 

(i) within the pons , . 2 ^ 

(ii) wthin the posterior fossa, between the pons and the internal 
auditory meatus ; 

(iii) within the temporal bone , 

(iv) after emergence from the skull , 

(v) they may be the site of neuritis, throughout their length. 

(i) Pontine Lesions. Massive lesions involving the facial nucleus 
or the ^bres of the facial nerve inevitably affect in addition neigh- 
bouring structures. Facial paralysis duo to such lesions is, therefore, 
usually associated wth paralysis of tlio external rectus, or of con- 
jugate ocular deviation to the same side, and often with paralysis 
of the ipsilateral jaw-museles. [ITjCTe may also be sensory loss due 
to involvement of the spinal tract and nucleus of the trigeminal 
nerve and of the spino-thalaraio tract, or a pyramidal lesion of the 
upper and lower limbs on the opposite side. Acute and chronic 
degenerative lesions of the facial nuclei are likely to involve other 
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bultur motor nuclei. Pontine le«ion^ caMiin}; fmiil fricliwlc 

tunioiir^, B\'ringol»iiU>5.», vasmlir Jr*ion*i, amtr nntiTjor p«)l) 0 " 
myelitis, Lamlty'* jarnhiitB, ami progrrv-Irtr mufculir ntrfipliy. 
Bil.itcml frtcinl p-nmUjiBocfasionillyocc'ir^ftHncon^cnilAlaliriomU' 
lity, jirobaljly due to a riiliire of development of tbe facial nuclei, 
and is then usually awwlatwl asUb «m}P?nilal oetjUr ptUies. 

(ii) n’i/A»n the pn^Urior /<v>*n the proximity of th" faciil ritrre to 
tho pars interme<lla ond the eighth nerve l< respondble fur the fact 
that these nerrea usually suffer loj.'ellief. Ix^umv in this situation, 
therefore, usually eau«e ili-.afness on«l lews of ta»tc in the antfnor 
two-thiftJv of the tongue, in Bssoelalion atth fatia! juralrsiv. Tl.c 
commonest such lesions arc acoustic neuroma and other tumours in 
the region of the eercljcUo' pontine anele, and syphilitic nuningitU 
(ui) IJ’ifAin ihe temporal Utne the facial nerve may be invoh wl in 
fractures of the skull and is etpc»«o«l to infections of the middle ear 
and mastoid, and facial paraUsis may be tbe direct n'still of spread 
of infection from the middle ear to the fueial cfliial, or may follow 
Burgicnl operations on the car. In Mhich cn*cs the oerv r may Ik* merely 
cuntusesl or actually diihltsl orcapo»ed lo invasion by the inf'-ctinj 
organism Slowly progtvMivc faelvl patsy may lie can***<l liv mj 
epidermoid within the temporal l»one, nod Is tlien aAMJciatesl with 
dcafnes.s (JcfTcrson nnrl Smalley, Herpes icwfer infecting the 

gcnicailate ganglion usually causes facpl*paral>>'H thrmigli »crt>mUry 
involvement of the motor tibres of tbe nerve (syrulmme of ltam.«.ay 
Hunt). Facia! paralsaiis oocurting as n re«iilt of le*ioas wiehin the 
middle ear is usually as«ocl»te<! with 1<^.4 of ta.str In the anterior 
two-thirds of ttic tongue, o-s a tsrsuU of interruptlou of the lUirea 
of tho chonla tymjKini within the facial nerve, or in its pa*.».age 
through the middle eair. Inllammntion of the facial nerve within 
the stylomastoid foramen is the cousc of facial iiaralysls occurring 
spontaneously or following exposure to cuhl and known as IWI'a 
paralysis 

{iv) Ajtrr fearing the thill the fibres of the facial nerve may W 
involvetl in inllaminaticn from supimraling glands behind the angle 
of the jaw or in compre-sion by tumours of the parotid gland. Tlicv 
are eiposeil to traumatic lesions in the fare, incliiding roinj)rrs.'io'n 
by forcepa dunng delivery. 

(V) -Veiiri/iio//A«/<Jci«f77erreiiiayoccurinencep!ialifuIotliargica, 
tetanu-s, and polyneuritis rranliiu 

4. Primary degeufrotion or tfl«onler of /unrtmn of the facial muecUit 
IS Been in myo-sthenia gravis, in which the retractors of the angle 
of the mouth suffer earlier and more severely than the elevators 
and depre».«OTs of the lips, in the faeio-scapulo-humernl tv pe of 
muscular dystrophy, and in myotonia atrophica. 
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REM.’a Paralysis (Facial Par-alysis) 

Dejinilion : Fncial paralysis of acitto onset due to non-euppuratirr 
iiidamniatiofi of the facial iicrrc uithin the styloinnsfoul foramen. 

Actlolofty and Patholofty. 

The most plansihle explanation of BelVs pirnlysU is that it is duo 
to an acute inflammation involving the nerve « ilhin the stylomastoid 
foramen. It is uncertain whether the Icmod is primanly in the nerve, 
interstitial neuritis, or in tho bone, n jjcriostitU. In eitJier case 
ocxlema must lead to oimprcs-Mon of tlic nerve-fibres, n ith resulting 
parah sis. At first tho nerx'o is sw ollcii, later it is reduced to q fibrous 
cord (Jlnrris). 

Bell’s paral\-8is may occur at any age from infancy to old age. It 
npjicars to lie most common in young adults, and males are afTected 
more frcfjucntly than females. 

In some ca'-es no predisposing cause can bo foiimi, but not un- 
commonly tlicro Is ft history of exposure to chill, for example, riding 
in ft velilcle or sleeping next to an op*‘n nindow In otlicr cases tlie 
p.irnlyi>is follows an acute infection of the nasopliarynx, and in a 
small projwrtion of ca«cs it has liecn t*hossTi to bo due to tlio virus of 
herpes zoster. 

Symptoms. 

Bell’s palsy is nhno«t always nnilnicrol, very rarely bilateral 
Tho onset is sudden and frcciucntly the p.atient nMakens in the 
morning to find tho fice jwnihsoil He or his friends ob'<orvD that his 
mouth is dra»7i to one side. There is fix-qucntly pain at the onset, 
within tho ear, in tho mastoid region, or around the angle of tho jaw. 

There is parnly.sis of the muscles of expression (Figs 10 and 17) 
The upper ami lower facial muscles are usually equally affected and 
tho muscles are paralysetl toan ctpial extent for x'oluntary, emotional, 
and naswiated moAOments. Tlio eyebrow droops, and tho wrinkles of 
tho brow arc smoothed out Frowming and raising tlio eyebrow aro 
impossible. Owing to paralysis of tho orbicularis oculi the palpebral 
fissure is wider on theaffccteil than on the nonualsidc. Closure of tho 
eye is impossible. Eversion of the lower lid and lack of approximation 
of the punctum to the conjunctiva impair the absorption of tears, 
which tend to overfloAv tho lowTr lid Tho nasolabial furrow is 
smootlicd out, and tho mouth is drawn over to the sound side. The 
patient is unable to retract tho angle of the mouth or to purse the 
lips, ns in xvhistling. Owing to paralysis of the buccinator the cheek 
is puffed out in respiration and food tends to accumulato between 
tlio teeth and tho cheek. Tho displacement of tho mouth causes 
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deviation of tbe tongue to the sound side when it is protruded and 
may thus cause paralysis of the tongue to be suspected in error. 

Wlien the inflammation spreads up from the stylomastoid foramen 
to involve the facial nerve above the point at which the chorda tyni- 
pani leaves it, there is loss of taste on the anterior two-thirds of the 
tongue, and vhen the branch to the stapedius is also involved the 
patient may complain of hyperaensis, an intensification of loud noises 
Diagnosis. 

Bell’s paralysis of the facial nerve is distinguished from facial 
paralj’sis due to n lesion of the pons by the presence in the latter case 
of sjTnptoms of involvement of other pontine nuclei, csi>ecially the 
fifth and sixth, and sometimes of the long tracts. Lesions in the 
posterior fossa usuall}* involve the eighth nerve as well. A history of 
aural discharge and examination of the tympanic membrane makes 
it easy to recogmzh facial paralysis secondary to otitis nietlia. Uni- 
lateral facial palsy is sometimes an early symptom of disseminated 
sclerosis, especially in young adults, and is occasionally due to 
sj'philis. A recurrent form assochted with headache has been termed 
‘facloplogic nugraino'. 

Prognosis. 

In most cases of Bell’s paralysis complete recovery occurs, though 
this may take months. If at the end of three weeks from the onset 
there is some return of voluntary jxiwer m the face or some response 
to faradio stimulation of the facial muscles, recovery is likely to be 
rapid and will probably be complete in a few w eeks If, however, 
complete reaction of degeneration has (Icvelojwd, complete recover)’ 
is unlikely. In those cases in which recovery is neicr complete 
contracture usually develops in the paralysed muscles, and this 
does much to improve the appearance of the fiico at rest, although 
tlie paralj’sis is evident when the patient smiles When marked 
contracture develops the nasolabial furrow may become actually 
deeper on the paral)'scd side than on the normal side and the 
afi’ectwl eyebrow may be drawn downwards. Clonic facial spasm 
is an occasional sequel of incomplete recovery, but usually is not 
very severe. Recurrent facial paUy is rare. I have known it occur 
first on one side and a year later on the other. 

Treatment. 

When the patient is seen during the acute stage treatment should 
bo directed to relieving the inflammation. A small mustard leaf 
should be applied over the mastoid process and in front of the ear 
for a quarter of an hour on alternate days, and the car and face 
should be kept covered ivith a pad of wool. A mixture containing 



172 THE CRAKIAL 2;ER\*ES 

potassium iodide and sodium salicylate should bo given. It is sound 
treatment to trj’ to prevent stretching of the paralysed muscles, 
wliich occurs when the mouth is drarvn over to tlio sound side. This 
may be accomplished by a simple splint made of wire covered with 
rubber tubing, •which is bent round the cat at ono end and at the 
other end forms a hook nUch fits into the angle of the moutli. 

As soon as the acute stage is past and pain has disappeared the 
galvanic current should be used to stimulate the facial muscle. The 
negative electrode is held beneath the mastoid and the positive 
electrode 13 used to stroke the face, a current of about 3 millianipcres 
being all that is necessary. As soon as voluntary po’aer shows some 
sign of return the patient should be encouraged foj)racti<c closing the 
eyeandretractmg the angleof the mouth infrontofthelooking-pLiss. 

If in six to eight weeks there » no recovery or if reaction of 
degeneration has set in, eurgical treatment should be undertaken. 
Ballance and Duel’s operation of decompression of the Fallopian 
aqueduct and inci^on of the nerve sheath gives good results (ilotris, 
1038, 1939), and has superseded the operation of nerve anastomosis. 

FaCUL rAB.4l.yslS CoiIPUCATCiC OlITJS 3l£UU 

Facial paralysis cnly occur spootanccusly in a case of otitis media 
owing to e.vtcnsion of infection from the middle car to the facial 
canal, or it may be a sequel of operation upon the mastoid, at vrhicli 
the nerve may be actuaUy divided or contused or exposed to in* 
vasion by the infection The symptoms are the same os those of 
Bell's paralysis, and taste U lost on the anterior twn-thiids of the 
tongue. Prognosis is much worse than in Bell’s paralysis, however, 
and in most cases no spontaneous recovery occurs. 'The outlook is 
better when the paralysis supervenes two or three days after the 
operation than when it is an immediate sequel. Recovery, when it 
occurs, may be long delayed, and hope of improvement need not 
be abandoned for at least two years. 

In view of the poor outlook and the improbability in most cases 
of even partial recovery, if the response of the facial muscles (o 
faradism is lost the nerve should be explored as soon ns possible. If 
the section cannot be repaired or ifa neuroma baa developed, Ballance 
and Duel’s operation of introducing a graft from a peripheral 
entaneous nerve is carried out. Signs of returning function, must not 
be expected for from six to twelve months ofter this operation. 

Ctosic Faciai. Seasm 

Definition • A disorder which chiefly affects middle-aged or elderly 
women. There are frcqnent shock-hke contractions of the facial 
muscies, usually limited to one «de. Its cause is unknown. 
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Aetiology and Pathology, 

The caiisation of clonic facial spasm is a matter of hypothesis. 
It is probably the result of an irritative lesion at some point in the 
course of tlie nerve and has been ascribed to a lesion of the geniculate 
ganglion. Similar spasms certainly occur for a brief period in some 
cases of herpes zoster of the geniculato ganglion. 

Symptoms. 

Clonic facial spasm is much more common in ■n-omen than in men 
and is rare before middle life. It usually begins in the orbicularis 
oculi as a fine intermittent twitching resembimg that which occurs 
in normal individuals in states of debility and fatigue and wliieh is 
known as ‘live blood’. The spread of the spasm is extremely slow, 
but gradually the muscles of the lower part of the face are involved, 
especially the retractors of the angle of the mouth. Finally strong 
spasms involve all the facial muscles on one side. At this stage there 
is alwajs slight weakness and wasting of the facial musculature 
Taste may bo lost over the anterior two-tbrds, of the tongue. 
Bilateral clonic facial spasm b less common' in such cases one side 
is usually affected after the other Clonic facial spasm may be 
associated with trigeminal neuralgia on the same or the opposite side 

Diagnosis. 

Clonic facial spasm must bo distingubhed from other involuntary 
movements involving the face. The commonest of these is liabit 
spasm, a brief compulsive movement iismally seen in cliildren and 
young adults When the face is tbo site of habit spasm the move- 
ments are bilateral. lij'sterical blepharospasm, prolonged spasm 
of the orbicularis oculi, is usually seen in elderly women, and in 
this case also the movements are bilateral. Myoclonic facial move- 
ments may occu^ umlaterally in encephalitis letliargica, but other 
signs and symptoms of this disorder ate present. The involuntary 
movements of chorea and athetosb are again bilateral and are 
associated with similar movements in the limbs 

Prognosis. 

In the absence of treatment clonic facial spasm is a slowly pro- 
gressive disorder and spontaneous recovery does not occur. It may 
terminate in complete facial paral^b on the affected side. 

Treatment. 

Drugs are of no value. Improvement in some cases follows a 
course of galvanbm applied to the facial muscles and this should 
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alwaj-s be tried. If it faOg, relief can be obtained by moans of a 
temporary interruption of condnction in the facial nerve by alcoholic 
injection. The method of injection of the nerve-trunk in the region 
of the stylo-mastoid foramen is described by R'liillis. A selective 
paresis can be produced by the simple proee<liJre of injecting mth 
alcohol the appropriate branches of the nerve as they lie Ijehind the 
mandible (Schlosser). 

The forefinger is placed between the mastoiti process and the 
ramus of the jaw, so that the tip lies immediately below the external 
auditory meatus ^Yith a skin pencil the level of the tip of the 
finger is marked by means of a horizontal line on the chock in front 
of the ear. This line is now intersected by a vertical line marking 
the posterior border of the jaw. For purposes of the injection an 
ordinary fine hjTioderraic needle U used uith ale cm. syringe. The 
point of the needle fa introduced at the point of intersection of the 
two lines It is passed inwards until it meets the jaw and then gently 
mampuhitcd around the posterior border. Tlje injection should bo 
made when the point of the needle fa inimwliatcly behind tliis. One 
or two minims of 2 per cent, novocain solution nro lint injected and 
are followed by a few minim-s of 00 per cent, alcohol, the needle 
being moved slightly upwards and downwards in a rerfieat plane 
during the injection. The effect of the injection fa watched by testing 
the patient's facial movements n'bile it fa being carried out, and the 
appropriate degree of paresis can thus be regulated. Wjen the needle 
u introduced horizontally at the point indicated, the nen'o to the 
orbicularis oculi will usually be caught. If it fa desired to paralyse 
the lower facial muscles the needle must be pointed slightly down- 
wards 

Alcoholic uijectioD of the branches of the facial neiwe gi^es relief 
from the involuntary movements for a period of from six to twelve 
months, but they are liable to recur as the mu«cles recover their 
power To obtain permanent reh'ef Harris and Wright (1032) 
recommend facio-hypogl(»sal anastomosis, but it is ufae to observe 
the effects of at least one injection of the nerve, whicli is a very 
simple procedure, before having recourse to operation. 
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of cases tinmtiis U due to a disturbance of the circulation of tho 
Uitcmal car, and this U probably tho cause of tho tuuutus produced 
by drugs, for exaiii])Ie, quinine, sabejiates, and amjl nitrate, by 
acute labyrintJiitis, generalized .utcriosclcrosLs, hyj)cri>icsia, severe 
anaemia, aortic incoinjictence, «jm 1 olosclcroiis. Abnormal sounds 
aneing \nthin the cranium inaj' bo conducted to tlio car and so 
cauMJ tinnitus Tlius a rlothmical bruit is sometimes heard by the 
|)aticnt in cases of rupture of the internal carotid into the cavernous 
sinus, congenital intracranial •aneutjsm, and arterial angioma. Irrita- 
tion of tho amlitory afferent p.i(hs may !e.id to tinnitus when the 
ciglitli nerve is the site of a tumour or u iniolvcd in inilammation 
due. for c.xaniple, to sj-phiiitie meningitis. Tmnitus is rarely tho 
result of a IcMon of the central nervous sj'stcui, but may occur in 
o-ssociation intb deafness after vascular or other lesions of tho lateral 
port of tho tegmentum of the jions. Koiscs Jicanl as a result of 
irritative lesions of tho auditory cortex in tho tempor.il loba ore 
usually more complex than those caused by irritation of tlie auditory 
.ipparatus and ita lower juthwajs. In this group fall auditory 
hnllucmations compnsing the aura of an epileptic fit .ind those which 
twnnctiinE^s occur as symptoms of a neoplasm or other lesion involv ing 
tho temporal lobe 

The treatment of tinnitus is disappointing. Local lesions of the 
ear should receive appropnato trcalincnt, and tho teeth should he 
mvctttlg&tcil fur sources of kep»U. Scilativcs such as phcnobarbitftl 
an<] bromide usually ha\c some lUtUiatiio action. In severs eases, 
in uliidi the tmniCiis is intolerable, it may be Justifiable to destroy 
the coihlea or to divide the eighth nerve, but the {utient must be 
mforaied that complete licafnc.u in tlio car thus treated will'rc«iutt 
and that tuuutus may |Krsi$t in spite of the o]H.Tation. 

Tub VijiTiacLAn I’iures axd tiik Fir.xcrio.S3 os* thk Evuvw.ntu 
Anatomy. 

The part of tho labyriiitli concerned with cquUihrium consists of 
the semicircular canahi, the utricle, and the saccule. The semi, 
cucular canals, three in number, are boUovva in the iKtroua part of 
the ti-ni{>oral bone, the asHrous caiuib, occupied by nicmbninous 
lubes filled with cndoljinpli nml bciurated from tho bony wails by 
|>cni> mpb Tliey are arranged apj>ruumatcly in three phinea of sp.iee 
at nght angles to one unotlur, and arc so placed tliat when the head 
IS inclined 30° forwanls from the erect itosilion the lateral canal is 
bonzonlal Tho sm<enor canal lies in o plane midw.vy l>ctv»ceu tlia 
fmtilal and tho sagittal planes witU Us outermost jiorUon anteriorly, 
nnJ runs mwards and backwanis. Tlio fxistcriur can.tl lies in a 
V ertual pl.vne at right angles (o the superior canal, w ilh its outermost 
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portion posteriorly, and runs inwairds and forwards. Each canal 
exhibits a dilatation, the ampulla, which contains specialized epithe- 
lium, the crista, bearing hair-cells which are the vestibular receptors. 
Somewhat similar receptors exist in the utricle and saccule, but in 
these the liair-cells are in contact with small crystals, the otoliths. 
Tlie semicircular canals are excited by movement and especially 
angular movement. The precise way in which this stimulates the 
hair-cells is still unsettled, but the best working hj’pothesis is that 
they respond to ino\ eraent of the endolyraph The utricle and saccule 
convey information concerning the position of the head in space, 
the jjosition of the otoliths witJi reference to the hair-cells varjuiig 
under the mfluence of gravity. 

The vestibule and semicircular canals are innervated by the vesti- 
bular division of the eighth nerve, the ganglion cells of which are 
situated ui the vestibular ganglion or ganglion of Scariia, The 
central fibres of these cells enter the pons, where some end in a series 
of terminal nuclei, the principal nucleus, the nucleus of the descend- 
ing tract, the lateral, or Deiters’ nucleus, and the superior, or 
Bechterew’s nucleus Other fibres run directly to the cerebellar 
cortex, especially that of the vermis, by the restiform body The 
principal connexions of the vestibular nucleus are effected by fibres 
which leave Deitcrs' nucleus to join the posterior longitudinal bundle, 
or descend m the anterior columns of the spinal cord as the vestibulo- 
spinal tract. 

Stimulation of the Labyrinth. 

Stimulation of tho labjiintli plays an important part in neuro- 
logical diagnosis Also it enables us to study under physiological 
conditions symptoms which result from disease of the labyrinth and 
its nervous connexions The labyrinth can bo stimulated by irrigating 
the external ear with hot or cold water— tho calonc test — by rotating 
the patient, or by passing a galvanic current through tho ear. The 
first two are tho metliods in common use, and the caloric test 
possesses tlio advantage over rotation that only one labjTinth is 
stimulated Space does not permit a detailed account of the great 
variety of observations w Iiich can bo made fay these methods. These 
are fully described in such books as Isaac H. Jones’s EguihtniunaKd 
Vertigo and the work of i’avflZ (lQ23). that wifi ho attempted 
hero is to elucidate certain general principles and their jiractical 
applications. 

The Caloric Test. 

For simplicity wo shall consider the effects of stimulation of tho 
right horizontal semicircular canal. Tho patient is placed with his 
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of cases tinnitus is due to a distuibanco of the circulation of the 
internal ear, and this is probably the cause of the tinnitus produced 
by drugs, for example, quinine, eahcylales, and amyl nitrate, by 
acute labiTinthitis, generalized arteriosclerosis, hyperpiesia, severe 
anaemia, aortic incompetence, and otosclecosU. Abnormal sounds 
arising withm the cranium may be conducted to the car and so 
cause tinnitus Thus a rhi'thmical bruit is sometimes heard by the 
patient in cases of rupture of the internal carotid into the cavernous 
sinus, congenital intracranial aneurysm, and arterial angjoma. Irrita- 
tion of the auditory afferent paths may lead to tinnitus vvlicn the 
eighth nerve is the site of a tumour or is involved in inllaaiination 
due, for example, to syphilitic mcuingitis. Tinnitus is rarely the 
result of a lesion of the central nervous S 3 ‘ 8 tem, but may occur in 
association with dea&ess after vascular or other lesions of the lateral 
part of the tegmentum of the pons. Koucs heard as a result of 
uritative lesions of the auditor}* cortex in the temporal lobe are 
usually more complex than tboac caused by irritation of the auditory 
apparatus and its lower pathuaya. In this group fall auditory 
hailucinations compnaiag the aura of an epileptic tit and those w htch 
sometimes occur as symptoms of a neoplasm or other lesion involving 
the temporal lobe 

The treatment of tinnitus b disappointing. Local lesions of tbo 
ear should receive appropriate treatment, and the teeth should be 
investigated for sources of sepsb. Sedatives such as phenoharbital 
and bromide usually have some palliative action, lu screro cases, 
in which the tinnitus is intolerable, it may be justidable to destroy 
the cochlea or to divide the eighth nerve, but the patient must be 
informed that complete deafoess lo the car thus treated vrili result 
and that tinnitus may jiersbt in sjuto of the operation 

The VESTmimAH Tibres asd the Fhsctioss of the Labykisth 
Anatomy. 

The part of the Jabyrmth couceraed with equilibrium consists of 
the semicircular canals, the utricle, and the saccule. The semi- 
circular canals, three in number, are hollows in the petrous part of 
the temporal bone, the osseous canals, occupied by membranous 
tubes filled mth endolvunph and separated ihim the bony walls by 
penljinph Theyarearranged approximately'in three planes ofspace 
at right angles to oxm another, and are so placed that when the head 
is mchned 30’ forwards from the erect position tho Jateral canal is 
honzoutaL The superior canal lies in a plane midway between the 
frontal and the sagittal planes with ita outermost portion antcnorly, 
and runs inwards and backwards. The posterior canal lies in a 
vertical plane at right angles to the superior canal, with its outermost 
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portion posteriorly, and runs inwards and forwards. Each canal 
exhibits a dilatation, the ampulla, which contains specialized epithe- 
lium, the crista, bearing hair-cells which are the vestibular receptors. 
Somewhat similar receptors exist m the utricle and saccule, but in 
these the hair-cells are in contact with small crystals, the otoliths. 
The semicircular canals are excited by movement and especially 
angular movement. The iireeiso way in which this stimulates the 
hair-cells is still unsettled, but the best working hypothesis is that 
they respond to movement of the endolymph. The utricle and saccule 
convey information concerning the position of the head in space, 
the position of the otoliths with reference to the hair-cells V'arying 
under the influence of gravity. 

The vestibule and semicircular canals are innervated by the vesti- 
bular division of the eighth nervo, the ganglion cells of which are 
situated in the vestibular ganglion or ganglion of Scarpa. Tlie 
central fibres of these cells enter the pons, where some end in a scries 
of terminal nuclei, the pnncijiai nucleus, (he nucleus of the descend' 
ing tract, the lateral, or Deitcrs’ nucleus, and the superior, or 
Bechterew’s nucleus Other fibres run <lirectly to the cerebellar 
cortex, especially that of the verims, by the xcstifonn body The 
principal connexions of the vestibular nucleus are effected by fibres 
which leave Dciters' nucleus to join the |tostcnor longitudinal bundle, 
or descend in the anterior columns of the spinal cord as the vestibulo- 
spinal tract. 

Stimulation of the Labyrinth. 

Stimulation of the labyrinth plays an important part in neuro- 
logical diagnosis. Also it enables us to study under physiological 
conditions symptoms which result from disease of the labyrinth and 
its nervous connexions. The labyrinth can be stimulated by irrigating 
the external ear viath hot or cold water — tlio caloric test — by rotatuig 
the patient, or by passing a galvanic current through the ear. The 
first two are the methods in common use, and the caloric test 
possesses the advantage over rotation that only one labyrinth is 
stimulated. Space does not permit a detailed account of the great 
variety of observations which can bo made by these methods. These 
are fully described m such books as Isaac H. Jones's JiquUibriun and 
VerHgo and the work of Favill (1929). Ad that will he attempted 
hero is to elucidate certain general principles and their practical 
applications. 

The Caloric Te3t. 

For simplicity wo shall consider the effects of stimulation of the • 
right horizontal semicircular canal. Tho patient is placed ufth Jiis 
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head inclintsl arils CO* «• that the horizontal canal becomes 

Tcrtical, and the right ear is then inigated wilh cold water, i.e. water 
at a temperature of about "0* Y. Tlio effect of cooling the canal is 
to cau>Q a current m the cndul^-mph from above downuanls in the 
(latient’s prej.ent position, or from btforc backuiirds with rcfcrciue 
to the normal position of his head. Suchaciirrent is thesamc as that 
nonnalJy evoked by turning the patient to the left, in w huh case the 
inertia of the cndulympH caUboa it to move backwaals in the right 
horizontal canal. 

.Vrtilicial sliniulation of the laMTuilh evokes movements of the 
cndo1,\ mpb surh as nonnnlly oecur onl^* In res])on.«e to movement^ 
of the head, and os such are nontiall^' foUouiil by appropriate 
reaction-s in the e^ cs, trunk, ami Ihnlis. ^VU the reactions to lab^ riii* 
thine stiniiiLition can be interpreted as the appropriate rcs{>oti.‘K.‘s 
to such n movement as normally causes an cndolnnph current 
fcinular to that artificially induced by the atiinultt*. ThcbO icactiuns 
consul of (1) vertigo, (2) nystagmus. (3) iKvss-jiointing, and (-1) foretd 
moivnicats, c^ficciaUy falling. 

1. r<rt/j;o. Movements of the endol^iiipb normftlly follow move, 
lucnts of the head in space, and contribute to the conscious {verception 
of such uiorcinents Uy means of a change of tcniifernlure in the 
M-'micircular canals, and in other ways, vie lan induce movements 
of cndolnnph uhen the head is at rest. Such artiticmlly indnctHl 
vtuloljiiiph eurreuts evoke in the subject an hallucination of move* 
ment He feeU as if he iiiru cs|K‘riencing the movement which nonn« 
ally cau^-s the etiilolviiiph cum-nt th.it has been .'irtilicially excited ; 
and at the same time ccrt.vin motor reactions appropriate to such 
a movement .arc ntiexly cvoki'd. The luditicinaljon of movement 
derived from the iab^rinthioe propriureptom coiiilicts with the in* 
formation derivid from the proprioceptors of his muscles and joints 
that the .subject is Mtling in a chair. This conlliet of proprioceptor 
inforuialion causes vertigo. It is most convcuienitly dcsigcatesl 
by the ilinitKiti of the hallucinated inovcnirnt, which U in the same 
pl.vnc as the cndoi^inph current and in the opjiositc direction. 

Vertigo LS Usually attended by an luUuiination of rotation of the 
«ujToundings iji the pl.vne of the hallucination of inovcmint but in 
the op|)usitc direction. ' 

2 -Vyj/jyww. Nystagmus of iabyrinthine origiiicunsists of a slow 
.and a quick pba.«c The former m.iy bo n ganled as a dev litlon of the 
eves couii>cnsatory to the ballucuiaUun of movement evoked by 
the movement of thecndulympli. Hius in the U-sl j'ust Jest nb«l the 
endolymph current is from Ufore backwards in the right horizontal 
canal, as if the subject weio tuming to the leil. Tlic slow ph.ir« of 
the nj*tagmii» is then fore to the right, which is the direction in 
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wJjicb the oyes Mould require to bo moved to keep in vio^v a fixed 
object in thc&o circumstances. The slow phase is thus in the direction 
of tho e/idolyiHpIi movement. The quick pljaso is in the opposite 
direction. Its source is ujicertain. Nystagmus elicited by stimulation 
of the horizontal canals is m tho honzontal plane ; that evoked from 
the vertical canals is rotary by caloric and rotary or vertical by 
turning tests. Lahjiinthme nystagmus is increased in araplitudo 
when the eyes aro deviated in tho direction of the quick phase, 
diminishcti in tiie opiiosito direction 

3. Pasa- 2 )oiuiinrf. Rasa-pointing following labyrinthine stimulation 
is a compensatory movement in the same sense as the slow phase of 
the nystagmus The patient is askcil to point to the observer’s hand 
until his outstretched arm and index finger. With the ejes closed he 
is required to move his finger auay and bring it back again seNeral 
times in a vertical or horuiontal plane. His arm deviates in the 
du^ction of tho endolymph movement. 

4. Forced >noic»ncide include rotation of the head or of the uholo 
body uhen tho patient is lying in bed, and falling when he stands or 
attempts to do so These movements are again compensatory to the 
hallucinated movement and therefore occur in tlie direction of tho 
cndolyuiph movement 

E//ccl of Changing Iht Position of the Head wpon Ihe lieaponae to 

Labyrinihine Sltmuladon. 

Information derived from ll»c labyiinthino proprioceptors is 
referred to the w iiole body Thus tho subject of lab>Tinthine stimula- 
tion cx|x;riencca an hallucination that Ills whole body and not his 
head only is turning. This is theexjdanation of tho effects of changing 
the position of the head ujxm the response to labyrinthine stimula- 
tion. For example, if an endolymph current from before backwards 
is induced in tho right horizontal canal with the head erect, tho 
subject experiences an hallucination of turning to the left and tho 
resulting forced movement is rotation to the right. If now tho head 
is throvni back GO®, the horizontal canal and its endolymph current 
lie in the coronal plane of the body, tho hallucinated movement is 
in this piano to the left, and the subject falls in this plane to tho right. 
If, instead, tho head is bent forwards 120®, tho direction of the endo- 
Jyiijph is reversed relative to the body and the sabjoot falls to the 
left. 

MeXhoda of Stimulating the LabjftitUh. 

Caloric Tests. As already described, tho right horizontal semi- 
circular canal is stimulated by irrigating tho external ear with cold 
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water (at 70® F.) with the head extended 00®, and the resulting 
nystagmus is horizontal with the quick phase to the left. With the 
head thrown forward 120“ the cndolyinpb current induced by cold 
water is in the opposite direction, and the njstagnius is hori- 
zontal and the quick phase is to tlie rigiit. With the head in the 
normal upright position the rertical canals are stimuLated, and the 
nystagmus is rotary and the quick phase is to the left. Irrigation 
inth warm water (at 110“ F.) causes an endolymph current in 
the opposite direction to that evoked by cold water, and thcao 
effects ate all reversed. Irrigation of the left ear produces the 
opposite effects to irrigation of the right. In normal individuals 
douching wnlh warm or cold >vatet elicits nystagmus in forty setonds 
and both nj'stagmus and vertigo last on an average for twenty-six 
seconds 

Jiolalion Tests The labyrinth may also be btimuUted by rotating 
the patient On rotation to the right the inertia of the endol>-mph 
causes it to move away from the ampulla in the left, and towards 
the ampulla in the tight, horizontal semicircular canal. As rotation 
continues the endclj-mph 'catches up’ the canal and the two are 
mutually at rest. If, now, the rotation is suddenly stoppc<l tho 
momentum of the endolymph causes it to continue moving in tho 
same plane, that is, in the opposite direction to its original movo- 
ment It now moves towards tho ampulla in the left canal and away 
from it in the nght, as ij the subject were rotating to the left. This 
causes nj'stagmus in the honzontal plane vnth the quick ])haao to the 
left The vertical canals may be stimulated by rotating to the right 
vnth the bead extended tJO® or de.xcd 120’ or lying on the right 
shoulder In the first two instances the nystagmus is rotary, with the 
quick phase to the right and left respectively; m the last it is vertical, 
inth the quick phase downwurds. Rotation to the left produces tho 
opposite effects. The usual rotation teat is to turn the patient ten 
times m one direction at a rate of one turn in two seconds, and the 
resulting nystagmus and vertigo normally last forty seconds. It is 
believed that the movement of endolymph towards the ampulla is 
twice as effective a stimulus as'tbe movement away from the 
ampulla After rotation to the right with the liead erect, Iw o-thirds 
of the response is excited by the Jell and one-third by tho rii’ht 
horizontal canal 

The table on p. 183 shows the principal responses to tlie different 
methods of stimulatmg the labyrinth, which can be expressed in 
the following rule. The slow phase of the nystagmus, pass-iwinting, 
and falling are m the direction of the endoljTuph movement ; the 
quick phase of the nyetagmus and the vertigo are in the oppooho 
direction. 
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Table showing lieaponses to Labyrinth Stimulation 


(Irrigation mth narm water causes opposite eflects to irrigation with cold 
water; rotation to left, opposite effects to rotation to right.) 


SlimulM 

PiMition 0/ 
Hfad I 

Hy^agmua ViHigo (Hallucxnalion of 
' (Quick Phage) | MciemeM). 

Irrigation of right ear 
with cold water at 
70“ F. 

Eroct i 

i 

i Rotary te loft . 

1 Falling to left in frontal 
plane 

Extended 60* j 

1 Horizontal to : 
left 1 

1 Turning to left. 

1 Flexed 120* | 

1 Horizontal to 

1 nght 

1 Turning to right. 

Rotation to right | 

Extended 60“ i 

Flexed J20“ 

1 Horizontal to , 
1 loft ! 

' Turning to left. 

1 Rotary to ! 

' right 

1 

Turning to left, but, on 
moving head to erect 
position, falling to right 
m frontal plane. 

' Rotary to left 

1 

Tuimng to left, but, on 
moving head to erect 
position, falling to left 
m frontal plane 

Flexed 00“ on 
right 
shoulder 

Vertical 

1 downwards 

i 

Turning to left, but, 
on moving head to 
eroot position, falling 
forwards. 

The Diagnostic Value of Labynn 

1 


Labyriuth tests yield information concerning (1) tho sensitirity 
of the labyrinth, (2) the conductivity of the cigiith nerve, and 
(3) the integrity of the cerebral paths concerned in nystagmus of 
labyrinthine origin, pass-pointing, and vertigo. 

lesions of the internal ear and eighth nerve usually involve the 
cochlear as McU as the vestibular functions, hence some degree of 
deafness is present. Tinnitus also si^gests a labjTinthine lesion. 
Such lesions, moreover, proportionately impair the functions of both 
vertical and semicircular canals, and, since the lesion is on the 
common afferent path of the reflex arcs, nystagmus, pass-pointuig, 
and vertigo are diminished to an equal extent. The characteristic 
findings ui disease of the labyrinth or eighth nerve are eitlier an 
absence of response to stimulation on the afibeted side, or a response 
which only appears after longer stimulation and is of shorter duration 
than normal. Vertigo, nystagmus, pass-pointing, and falling show an 
equal degree of impairment. Occasionally over-cxcitability is found. 
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A central lesion is suggested by a normal cochlea and insensitive 
canals, normal sensitivenessof horizontal, andimpairedresponses from 
vertical, canals, or vice versa,and a dissociated loss of vertigo, pass- 
pointing, or nystagmus, one response being absent but not the others. 

Special attention baa been devoted to labyrinth tests in neuroma 
of the acoustic nerve, in .n bich it is claimed that the typical findings 
are an insensitive labjtintb, nith deafness on the side of the lesion 
and a loss of reactions from the vertical canals but not from the 
horizontal canal on the opposite side. The dissociated lo&s is attri- 
buted to pressure by the neuroma upon the pons wliere tlie decussated 
fibres from the opposite vertical canals be more superficially than 
those from the horizontal canal. 

Vebtico 

The Nature of Vertigo- 

Vertigo maj' be defined as the consciousness of disordered orienta- 
tion of the body in space. The derivation of the term implies a wnso 
of rotation of the patient or of bis surroundings, but thU, though 
frequently present, is not tbe only form of vertigo as just defined. 
There are three ways in rrbicli the spatial orientation of the body 
may be felt to be disordered. 

1. The external \rorld may apjiear to move, often in a rotatory 
fashion, but other forms of movement, such as oscillation, may bo 
experienced 

2 The body itself may bo felt to be movmg, cithec in toUtion or 
as a sensation of falling, or tbe movement may be referred to inthin 
the body, e g mthin the head. 

3 The postures and movements of the limbs, especially the louer 
limbs, are felt to be lU adjusted and unsteady. 

The motor accompaniments of vertigo consist of forced movementa 
of the body, such as falling, and disordered onentation of parts of tbe 
body, manifested in the eyes as nystagmus and sometiuics diplopia, 
and m the limbs as pass-pointing, while visceral disturbances, such 
as pallor, sweating, alterations in Iho pulse-rate and blood-pressure, 
nausea, vomiting, and diarrhoea may be present. Teinjiorary amau- 
rosis and even loss of consciousness may' occur in ses ere nttachs. 

Since vertigo is due to a disturbance of spatial orientation, a brief 
review of the organization of this function is desirable. Tlic main- 
tenance of an appropriate position of the body in space dcpcnils in 
man upon several groups of alfetent iiupul^s, of which Iho following 
are the most important. 

1. From the retinae are derived visual impulses which in con- 
tnbutmg to our iierccption of vi&ual space are intimately concerned 
m spatial orientation. 
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2. Equally important arc impulsea derived from the proprioceptors 
of the ocular muscles. The degree of accommodation and ocular 
convcrgcnco rcquirctl to produce a sliaqily focused image of an object 
upon tho maculae convoys information as to its distance from the 
oj es, and the state of contraction or rclajuition of tho external ocular 
muscles in conjugate ocular deviation contributes data to our recog- 
nition of ‘abo\e’, ‘below’, ‘to tho right of’, and ‘to tho left of’. 

3. TIjo labyrinth is a highly specialized S2JatiaI jjroprioceptor. 
The otoliths arc mainly concerned in the orientation of the organism 
■with reference to gravity, while the semicircular canals rcsjiond to 
movement and to angular momentum. 

4. The proprioceptor-s of tho joints and muscles of the neck are 
of imjiortanco in relating labjTinthinc impulses, which convey infor- 
mation solely concerning tlio jiosition of the head, to tho attitude of 
the rest of tho body* 

5. Tho proprioceptors of tho lower limbs and trunk are concerned 
with tho position of tho body in relation to tho acts of sitting, 
bUnduig, and walking. 

Tho afferent impulses dern'ed from these various senso-organa are 
mutually related by central mechanisms, of whicli tho cerebellum, 
tho ^cstibular nuclei, tho posterior longitudinal bundle, and tlio red 
nuclei arc probably tho most important, and which constitute retlox 
paths by which tho position of the body is normally apxiropriately 
orientated. From tiicso lower centres impulses reach tho cerebral 
cortex probably in tho parietal lobe and so inllucnce voluntary move- 
nient. Vertigo may result from tho disordered function cither of tho 
sensory end-organs or of tho afferent paths or of the central mechan- 
isms concerned. 

The Causes of Vertigo^ 

It is clear from tho anatomical and physiological considerations 
outlined above that vertigo may bo Uio result of a disturbance of 
function at many different levels. Wo may therefore recognize 
(I) psychogenic vertigo, (2) vertigo due to cortical disturbances, 
(3) vertigo of ocular origui, (4) vertigo of cerebellar origin, (5) vertigo 
due to braiu-stem lesions, (0) vertigo duo to lesions of the eighth 
nerve, and (7) aural vertigo. In diffuse conditions, such as head 
injury and circulatory disease, it may bo impossible to say what is 
the site of origin of the symptoms. 

(1) PsJ/chogenic Vertigo. 

‘Giddiness’ is a common symptom among sufferers from anxiety 
nciurosis. There is no sensation of rotation but the symptom consists 
of a feeling of instability associated with a sense of anxiety and the 
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njiaptoms of o>cr-acliviiy of the *yn)iwlhetic ncrvoua syhlcm. 

Vctu^o may aUo o^v.ur aa a con\cr\ion sytniilotu ia hyatcrii, 

(;H Vtri)jo due to Cortical Di^tyriaaee*. 

Tlio aura of .an cjnlejitic attack be a feeling of gidJinc.-y*, as 
i« not tjiicommon in j>cUl mal. Vetliifo may also occur ia iiiigrfline 
ami in x-viocution w ith localuctl cerebra! lolons. It may l>o cnii^cxl 
>>y an uitrairanial tumour in aay utuation. 

(3) rrrfi^ oj Ocular Origin, 

Vertigo may occur m normal individuals in consequence of unusual 
cuion iicrce]ittuiu GiddmcM at heights and on looking from tlio 
lilatfonu at a nuiftly moxing train are cxainpli'S of lliU. Vuraly^is 
of one or nioro extenial ocuLir muhcU-s is onca associated ciith 
certigo Thu u duo to the »]utial disuricnl.'ition Mhich U pnxliiml 
by falxo iirojcction of the visual ticlil# (see p. Gfi). 

1 1 1 I f rti/> 0 / Ccrthcllnr Origin. 

Vertigo may be slight or absent ui spite of a uiassuo lesion of 
the (rrcUlluni, t'S{a.xuliy if thU le limned to llic lAtcrnl InU). A 
ivrcliclLcr Icsioa U most likely to eausc Mitigo when it Invohea 
the mrinur tmau vhich is elosely linked anatomically uilh the 
icstihiiLir *y*leiu Thus severe vertigo may occur at the ouicl of 
ihromlxisu of the iwslerior inferior cvfthelUr artery. 

(5) Vertigo d»e to iiruinulem £e.tion. 

\ ASctilar or ucoploslic tesioiu of the hrAin-stem may causo vertigo 
if they invoUe the vestituUr eoiinexions. A iihupio ofdi.-senunAlc'd 
wliru-iw in the i^iis may cau>e severe vertigo uiib couspiouous 
iiysugmiH. vnmituig, and prostration: hi too iu.»y sy nugohullhi. 

(0) IVrti^ due to Ltfiona ,-/ Ike Kighth .Wnv. 

.*“inre the eighth nerve carrie* the vestibular (ibres, lesions of this 
iiirvo mav caun? gidihiie,.* associatol wuU deaficevi and tinuitu*. 
n.e i-oiniuoiiest such lolon is an acoustic iK'uronu, hut tho lurvo 
may aL-o be (omi'nMHtl by abiiomal ve/wM.ls or invoiced in iutliviu. 
iiutioii in wemngitu or iuriiuig».VasculAr syphilis, 
l”) .tunil Virtiyj. 

Tlie agcnfirs uhkh may rauH> vrriigu by di«tiitbinK the fuiiclinns 
„f iho Ubynnth are numerous. Tliry uicludw |1) uaxiu the external 
auditiry ir.ratui. (.') blockage of the EuitarhLuj r.iiul And ni<l<Jcn 
tbanp^ vn atimapl.cne prrwsurr. (3) acute ami chronic suppurative 
otitu mclw. (4) ob^krosis, (5) drugs, tsj.ecially quuurio *nd tho 
»AhcvUlc«. lmj«ainvieni vd tKssi mjq.ly ilue to Athcnrma with or 
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\vitIiout high blood-pressiiro, vasomotor instability, severe anaemia 
and increased intracranial pressure, (7)heri>es zoster of the geniculate 
ganglion, (8) acute non-suppuratho labjTinthitis, (0) recurrent aural 
vertigo (Meniere’s ajiadrome), (10) sea- and air-sicluiess. 

Acute Labyrinthitis. 

Acute labjTintliitis is usually duo to an extension of purulent 
infection from the niiddloear. Araro spontaneous form of acute lesion 
of the labjTintli has received tlio namo ‘acuto serous labyrinthitis’. 
Deafness, usually rapidly progressivo, is associated \tith tho symp- 
toms of acuto vestibular disturbance, vertigo, and nausea and vomit- 
ing, nj'btaginus, forced movements, and ataxia of tho limbs on tho 
affectc<l side. There is also pain in the ear and often considerable 
pj’rexia. Tho s^'roptoms are those of irritation of tho affected 
labyrinth. Tho patient lies on tlio sound side and pass-points and 
falls to tho side of the lesion. Nj’stagmua is rotary and tho quick 
phase is to the opposite side, to uhich (he patient feels ho is fall- 
ing. Meningitis and intracranial abscess may complicate purulent 
UbjTintiutis. In tho serous form some recovery both of cochlear and 
of Ncstibular function may occur. 

Recurrekt Aural Vertigo (MfeuiiiRE’s Syndrome) 

DeJInilion: Recurrent aural vertigo is a sjTidromo probably of 
vari^ aetiology. Tho characteristic feature is the recurrcnco of 
attacks of severe giddiness leading to vomiting and prostration and 
usually associated nith tinnitus and increasing deafness Tho dis- 
order runs a protracted course with a tendency to disappcaranco of 
tho vertigo as tho deafness uicrcases. AH the characteristics of 
recurrent aural vertigo were described by Meniere (1800-1). 

Aetiology and Pathology. 

Men suffer from recurrent aural vertigo more often than w omen in 
a proportion of about 3 to 2. It is a disorder of middle age, especially 
late middle ago, tho average ago of omet being 49, and more than 
ono-third of all patients aro first affected after tho ago of 60. Little 
is certainly knoivn about the aetiology. Focal sepsis in the teeth, 
tonsils, and nasal sinuses is certainly important in some cases. 
Abnormalities of vatcr metabolism have been emphasized by 
Mygind and Dederding. The affinity between recurrent aural vertigo 
and migraine was first pointed out by Menifiro himself. Allergy may 
possibly be a common basis in some cases. 

Recent pathological investigations by Hallpike and Cairns (1938) 
have demonstrated a gross dilatation of the endolymph system of the 
internal ear in two cases, in one of which there was a chrome non- 
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Bupiiurativo otilifl media. On the other hand, in some cases recurrent 
aural vertigo may bo duo to pressure upon tho cightli ncr\-o by an 
abnonnal Nf&.'rfl (Dandy). 

Symptoms. i 

Usually deafness and tinnitus uhicb dovcloji insiiilously premie 
vertigo, the on.set of which is sudden. In some eases the giddinc'wi 
develops 80 rapidly that the p.aticnt inaj' fall; more often it lakes a 
few minutes to become scicre. In a severe attack tho i«licnt is 
literally prostrated and tliero is an intense sensation of rotation of 
the sutroundm^^s, less often of tho patient himself. Voinituig soon 
develops witli severe nausea and lasts os long as the patient remains 
giddy Sometuucs tluro is also diarrhoea. The puLu may bo rapid 
or slow and the blood-prcssurc raised or lowered and there may be 
profuse sweating Double %ision may occur, ntiil in \ cry severe cases 
consciousness may bo lost. Deafness and tinmtus are sometimes 
micnsilicd duniig the attack. The xerligo may last from lulf un 
hour to many hours and then gradually subside. On attempting to 
stand and walk tlio patient is unsteady and staggers. 

During the attack tho {uitient usually lies on tho sound side and 
exhibits a rotary nystagmus which is most evident on looking 
towards the aScctcdcar. Exceptionally the attack is of the otolithic 
type — a sudden fall not preceded by giddiness. In tlic intervals 
between the attacks giddiMss is liable to bo brought on by sudden 
movements of the bead and there is often u tuio rotary* nyatngnins 
on extreme lateral fixation to either side. Thero may* bo some 
pcreistent unsteadiness os indicated by an u).nbility to stand steadily 
with iLo eyes clo.'>ed or to walk beel-and-foo. Deafness may lie 
unilateral or bilateral, iioth air and bone couducliun arc usually 
unpaired and there is a scicetiro loss of tlio idgber tones. 

Diagnosis. 

'Aural \ ertigo may sometimes bo confused with petit inal, but when 
giddiness is a sy'mptom of niiiior epilepsy tho attacks last only n few 
seconds, consciousness is always impair^ or lost and the giddiness 
disappears as rapidly* os it develops. In ^leniero’a syntlromc tiimitus 
and some impairment of bearing are almost always pre-sent, and a 
lesion which mvolvcs both the cochlear and llio vestibular functions 
must be situated cither in the internal car or in the eighth nerve. A 
lesion in the latter situation almost always interferes with the func- 
tions of the facial nerve, and often of tho fifth and sixth nerves on 
the same side as w ell as of the cerebellum. WTien vertigo is due to 
lesions of the brain-stem or cerebeUum hearing is unimpaired and 
other symptoms of lesions in these situations arc usually jirescnt. 
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Prognosis. 

Tlio attacks tend to rccvir at irregular intervals and iMtIi varjdng 
seventy. Usually the intervals of freedom last only a few weeks ; in 
rare cases the patient is free from attacks for jears. Tliero is a 
tendency for the attacks to diminish in severity spontaneously and 
finally ccaso pari passa w ith an increase of tho deafness. Exception, 
ally, in tiio ahseiico of radical treatment, the attacks continue for 
many jears. 

Treatment. 

During an attack tho patient must rest lying perfectly still. An 
intravenous injection of 1-2 c.cm. of pcrnocton or a subcutaneous 
injection of a J gr. of morphia with 1/lOOth gr. of hyoscino hj'dro* 
hromido will rclioio tho discomfort in se%cro cases. Tho best 
prophylactic is J gr. of pheiiob.'irbital two or three times a day. 
Small doses of qiiinino and sfrychnino are sometimes helpful. A 
lareful search for focal sepsis m the teeth, tonsils, or nasal sinuses 
should be carried out and any iiifcvljon found appropriately treated. 

Mlt'frco diet combined with a restriction of iiuid intake may be 
helpful, itniinoniuin chloride in dases of 20 grains tiirco or four 
tunes u day can also be tried If, after six months, tho patient 
show s no response to juexitcal measures, and esiwcially if tho vertigo 
incapacitates liiin from following his occupation, surgical treatment 
should bo considered. Tho choice then lies between the mjcction 
of alcohol into the internal ear and intracranial division of tho 
vestibular fibres of tho eighth nerve. 

Srjt- AUD Am-sicKNj:ss 

Definition. A disturbance of visceral function, leading m severe 
cases to vomiting, vertigo, and severe prostration, evoked by 
repeated movement of the body in unaccustomed planes. 

Aetiology. 

Tlie same plij'siological disturbance underlies both sea- and air- 
sickness. A ship at sea is capable of a variety of different move- 
ments, depending upon the direction of the waves in relation to its 
motion. In addition to the lifting and falling movements of the 
whole ship oscillatory movements occur about an axis within tho 
ship. Pitching is such a movement m the fore-and-aft plane, and 
rolling is a lateral movement. A corkscrew movement may result 
from a combination of roll and pitch. The way in which these 
abnormal movements cause sca-sii^css haft been the subject of 
much discussion. There is evidence that abnormal stimulation 
of the labynnth is tho most important factor, though other 
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contributofj' factors arc present. A life on lantl accustoms most 
indiviiiuaU to all t3i>c3 of mo^'cmcnt uhlcb occur in tho plane of tbe 
honzontal semicircular canals. TIjo vertical canals, however, are 
rarely excited by mo\cmcnta of the body as a ^rhoIc. The move- 
ments of a ship in a rough Ma cause an irregular excitation of tho 
vertical canals tcIiicIi leads to a disonlc-r of c(|uihlri[im until tho 
subject has adapted himself to it. This adaptation is rendcit-d 
the more diillcult by tho distiirbaiico of his appreciation of\Lsual 
space which results from tho movement of tho ship relativo to him- 
self and of both rclatiio to the horizon, and by the nccurrcnco of 
ocular imbalance, which is probably secondary to tho disorganiza- 
tion of the lab^-rinthino iinpulacs. ^Vs we have seen, vertigo, how- 
ever produced, is often associated with relfcz disturbances of tho 
autonomic nervous system, and these aro probably the main cause 
of tho vomiting of sca-sickncss, though the frequent alterations 
in the jiOsUion of the abdominal contents in relation to gravity 
may bo a contributory factor. WTicn tho patient Is already nan- 
seated and hv-persensitivo to olfactory* stimuli it is not giirpnaing 
that tho smells inscparahle from a slup and ihim as^ciation with 
other victims should reinforco the vestibular and ocular stimuli. 

Susceptibility to sea-sickncss varies in dlfTereDt individuals. The 
very ) oung and very old oro often ioimuno and so, too, aro dcnf>niuti‘s 
imh inactive labyrinths. Many years at sea usually confer a relative 
immunity, but somo never acquire even tliis. -\n individual who has 
become adapted to tho moremenU of ono tv'po of ship is liablo to 
become sea-sick when transferred to another v{»scl. Suggcation based 
upon past unhappy experiences is a potest predispooing factor. 

Simptoms. 

Symptoms occur in tho following onler of frequency (}iiaitIanJ): 
vomiting, nausea alone, headache, vertigo, abdomio<d discomfort, 
vomiting without nausea, lassitude, and blurred v ision. Sea-sickness 
may lead to overaclion either of the 8y*mpathctio or of tho jinra- 
sympatbetio divisions of the autonomic nervous system. Hence the 
patient may exhibit either a rise in blood-prcssuro and an incrc.iso 
in the pulse-rate or a fall in blood-preasuro with bradycardia. Pallor, 
sweatmg, or flushing anddilatationoftbcpupilsaro common. Ketosis 

may occur. 

Diagnosis. 

The diagnosis is not usually in doubt, but it is imjjortant to 
distinguish irem true sea-sickness a neurotio reaction w iiich may 
begm as soon as the patient goes on board, and also sickncos occur- 
ring at sea but due to other disorders. 
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Prognosis. 

Sea-sickness is never fatal, but in severe cases leads to extreme 
prostration, from which recovery may beslow Slost individuals adapt 
themselves to the movements of the ship and recover spontaneously 
in a few daj-s. A few remain sea-eick as long as they are at sea. 

Prophylaxis and Treatment. 

The objects at which to aim are to dimmish the sensitivity of the 
labyrinth and to limit as far as possible the patient’s exposme to the 
movements of tho ship which stimulate the vertical canals. Suscep- 
tible individuals should take | gr. of phenobarbital twice or three 
times a day as a vcstibulhr sedative two or three days before embark- 
ing and should continue this treatmeut for the first few daj’S of the 
voyage. If vomiting occurs, a patient with a slow pulse is likely to 
respond best to drugs of the belladonna group, such as 20-30 
minims of the tincture spread over four hours, or 1/100 gr. of 
hjoscine hjdrobromide, or benzedrine in doses of 10 mg. If the 
pulse is rapid phenobarbital, bromide, chloral or tincture of opium 
in 30-mimin doses is more likely to be cfiective. When on board 
the jjatient should consult his preferences as to whether he remains 
on deck or retires to his cabin. When the ship is pitching he should 
he athwart the vessel j when it is rolling he should lie fore-and-aft. 
Closure of the eyes, wearing coloured glasses, or bandaging one 
eye may be helpful. The diet for a day or tw o before going on board 
and during the early days of the voyage should be light and diges- 
tible. Plenty of sugar should be taken to diminish the tendency 
to ketosis and an alkaline mixture may be given ivith the same 
object, and, since constipation is apt to be troublesome, this may 
convemeiitly take tiie form of an effervescent saline purgative. 
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7. THE NINTH OR GLOSSOPHARYNGEAL NER^'E 
The glosaopharjugeal nerve contains both sensorj' and motor 
fibres The ganglion cells of the former are situated in the ganglion 
petrosum of the nerve. Their central processes mostly pass into the 
tractus solltanus and terminate in the nucleus of this tract. A few 
also enter the dorsal nucleus of the vagus. The motor fibres originate 
partly u the inferior soltvatory nucleus and partly in the nucleus 
amhiguus. The glossopharyngeal nerve arises by a series of radicles 
from the posterior lateral stdeus of the medulla in lino with the 
fibres of origin of the vagus and spmal occessory nerves. .lUlcr 
cr(»alng the posterior fossa of the skull it emerges througii tho 
anterior compartment of the jugular foramen. In the ncek it arches 
do^vnua^ds andfor^^a^ds betneen the internal carotid artcrj'and tho 
mtemal jugular vein and then between tiio internal and externa] 
carotid arteries to the side of (be pfaaiynx. Within t!io skull it gi^ cs 
off the tympanic branch which CDtcrs the tympanic cavity to which 
It supphes sensation, and joins the tympanic plexus, from which tJie 
Email superficial petrosal nerve carries to tho olio ganglion fibres 
which excite sahvary secretion. In the neck the glossopharyngeal 
nerve gives a branch to the stylopharyngeus muscle, ita sole motor- 
supply, and branches to the mucous membrono of the pbaniTix. 
Tlie tennmal branches of the nerve supply tho tonsil, the lower bor- 
der and posterior eurfaco of the soli palate, ami the posterior third 
of the tongue. Theglossopbaij-n^alnervoisthus the motor nerve of 
the stylopharyngeus and carries fibres concerned in tho secretion of 
saliva, especially by tha parotid gland. It supplies common sensi- 
bihty to the posterior third of tho tongue, the tonsils, and tho 
pbarj'nx, and taste-fibres to the same region. 
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Isolated lesions of the glossophorjitgcal nerve nro almost unknowii. 
It is most frequently ilainagecl in association with the vagus and 
spinal acccssoiy nerves at the jugular foramen (see below). 

GLOSSOrUAttYKOEAI. NuUlULGIA 

The glossopharyngeal nerve is occasionally subject to paroxj sinal 
neuralgia, which in its general characteristics resetublcs the much 
commoner paroxysmal trigeminal neuralgia. We owe the recognition 
of this syndrome to Hams. As in tngcminal neuralgia, the pain 
occurs in brief attacks, which may bo of great severity. It 
usually begins in the side of the throat and radiates down the side 
of the neck in front of the ear and to the back of the lower jaw. 
Exceptionally, the pain may begin deep in the ear. Attacks tend to 
bo precipitated bj sw allow ing or by protruding tbo tongue, and the 
ear may bo extremely sciisitivo to touch. 

Glossopharyngeal neuralgia is distmgubhcd from trigeminal 
neuralgia by the situation of the pain and the precipitation of the 
attacks by swallowing Pam of a biiiulur distribution may occur as 
a result of now growths involving the tonsil and pharynx, and this 
cause must therefore bo excluded In glossopharyngeal neuralgia 
there is often a long liistory of pain 
As in trigeminal neuralgia, treatment consists in interruption of 
the afferent fibres of tlic nerve. Harris has successfully mjcctcd the 
nerve with alcohol after its emergence from the skull, hut this is a 
diillcult proociluro and does not reach the fibres of the tyiiipanio 
nerve which leave the glossopharyngeal within the skull. To obtain 
permanent relief it is better to carry out surgical avTildon of the 
nerve, which may be jierforineii in the neck wlicn the pain is pre- 
dominantly pliaryngcal, but sliould bo curried out intracramaliy in 
the posterior fossa when the deep jxirt of the ear also is the site of 
pain (Jefferson). 
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uu thi; cbaxial xEuvt^s 


8 . Tin-: si:nsi: of t.vsti: 

Tlicro arc only four UaIm: kHMt, wit. Litter, ami ndil. All other 
tla^ours nro olfaclnr}* KnwtiiHu. 

Tlio Bcii'«e of tn>.to in tf>*(«l by moana of weak wihitioiia of »iipvr, 
common wit. <iuiiiiiic. nn«l atxtic atui or lincpAr. Wlnlo tho kiokJ 
of tA'to w Ix-iiij; te»leil tho {Kiticnt iiiunt ku Ji hi^ lona^je pnjtnJihil 
iinii must reply to qtu-^lioiiH by. luiihlin,; or /•hrkin,; lu» head. It if 
cxintetuoiil t4i hate tlso iiuinea of tbe four lastis wniti n ipii ranli to 
w hii li he can {mint. Tlio prutnwb'*! toii,;ue ik <Irie<] ami a <lro|i of the 
tcstni): holutioii iiiijiHed to tb«»lAt«ral iK/nier on one •Itie. Thcjkitimt 
L« then askinl to null rate what hotasle*. Iht; anterior Luo third* ami 
the {lostenur one- third of the ton,^m niUAt U> tested Mjiaraldy. lloi 
ton{{uu la (Inid lx-twc<» autrt-iwiie t<*la. 

TiecTaaTE I'lliMM 

Fcriplicnil Fatli. 

The {Kn{>hiMl jiatli oC the taste tiLrra i« Btill a nutter of eon. 
troterxy Their hmuI ronto U {irulubly na followa. 

The fihn-H earr.Miiij taate im|iub<-N from tiie antirior lwu.ihin!a of 
the (limi at llr>t thruu);li the lui,<ual iirnc to the ilidnla 

t}nii>.ini, llirou„'ii which they reach the fachil nmc and (he ^eni* 
culuto (’an^ilion which contain# thiir ^'ini^Unn reiU. Front tho 
peniculate V'‘^iii;lioii (hey |um to the iMin.# by the ]iara uitrnnidlA of 
Wriahcrg. In certain (A^ca alcoholic injection of the (<a*H'rian 
gan^tiion Aiiil thinl ilirhton of the trigeminal nin'o at the feramm 
u\alo has lu-n followed by loos of la»to on the anterior two-thud* of 
the tongue, though this lus* u often only teinjKirary. It i* ]>oe«ihle 
that the lu»» of taBtc in aueli iirciim»taiieed M not duo to aii inti mip* 
tinn of the taj>te fibres hut to Micomlary trophic clTecta oR the tongue 
of the Iftiioii of the maiulibular nerve. On the other h.ind, it ha« Ikvii 
siiggiwtcd that the ta-stc hbrev after reaching thegcnicuUlvg.ingllon 
by the route already deaenUsI |»a.s3 by tho miiaU 8U|>trtic-!al julrowl 
ncnc to tho otio ganglion ami ultimauly reach the jioiw tliroiigh 
the thud diildon of tho lifth mrve. 

Taste fibres from tho oue.tliixd of tho tongue, from the 

phaiynx, and from the lower bonier of the wfl {Kihito are carritd hy 
tho glos.'iOphaiyngcal nerve. 

Central Connexions. 

Tho taste fibres after entering tho pone piM into the Iractiis 
sohtanus. tho ujuier {wrt of which, sometimes billed the gustatory 
nucleus of the trigeminal, may tecchc lasto fibres from the trigeminal 
iicr\-o, while the muldio pirt receives fibres from tho jwrs intemudia 
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and the lower ijart fibres irom the glossopbaxyngcal. Tlie fibres 
of the tractus solitarius terminate in a column of grey matter knorni 
as the nucleus of this tract, from which relay neurones arise, which 
cross the midJino and turn upwards in the tegmentum of the pons 
and medulla to form the gustatory fillet, which lies near the midline, 
to the outer side of the posterior longitudinal bundle. The gustatory 
fillet ascends to the optic thalamus, from which taste fibres are 
further relayed to the hippocampus major, the cortical centre for 
taste. 

Loss or Taste 

Loss of taste — ageusia — on the anterior two-thirds of the tongue 
may occur as a result of lesions of tho chorda tjuipani or of the 
geniculate ganglion and in some cases of the mandibular nerve. There 
is no clear evidence as to whether or not it results from lesions of tho 
pars intermedia. Lesions of tho glossopharyngeal nerve cause loss 
of taste on tho posterior one-third of tho tongue. Lesions of the 
tractus solitarius and its nucleus cause unilateral ageusia, and lesions 
near the middle line of tho pons may cause bilateral loss of taste 
from destruction of both gustatory fillets (Ifoms) 

Little Is known with regard to loss of taste resulting from cerebral 
lesions, though tasto is occasionally lost, together with tho sense of 
smell, as a result of head injury 

HnlluciDatiojis of tasto may occur m association with those of 
Bmell as a result of an irritative lesion involving the uncinate gyrus. 
Lesions in this region may also cause parageusia, a perversion of 
taste m which many substances excite the same xmploasant fiavour. 
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9. THE TENTH OR VAGUS NERVE 
Centbae Comhexions 

The vagus nerve contains T>oth sensory and motor fibres The 
ganglion cells of the former are situated iit the ganglion jugulare and 
in the ganglion nodosum of the nerve. Tho cells of the ganglion 
jugulare are concerned in the supply of common sensibility to part 
of tho external ear and terminate in relation with the spmal tract 
of the trigeminal nerve and its nucleus. The cells of the ganglion 
nodosum ate concerned in tho carriage of afferent impulses from 
the pharynx, larynx, trachea, oesophagus, and the thoracic and 
abdominal viscera. TJieir central jnocessos terminate in relation intb 
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paralysis. Unilateral paralj^ of the pLarym as a rule causes no 
sjTnptoms. On examination the pharyngeal wall droops on the 
affected side and the phaiyngeal reflex is present only on the normal 
side Bilateral pharyngeal paralysis causes marked dysphagia and 
bilateral loss of the pharyngeal reflex. In sncb cases solt, pulpy 
foods, such as porridge, are more readily swallowed than sohds and 
hquids 

PARAI.YS13 OF TIIE LaRYXX 

The motor fibres to the larynx originate in the lowest part of the 
nucleus ambiguus and some at least probably leave the medulla by 
the accessory fibres of the spinal accesjsory nerve, sulKequeDtly 
joining the vagus in the jugular foramen. Tlic fibres destined for 
the crico-thyroid muscle, which acts as a tensor of the vocal cords, 
leave the vagus by the superior laryngeal nerve add reach the muscle 
through Its external branch. Fibres which innervate the abductors 
and adductors of the vocal cords leave tho vagus by the recurrent 
laryngeal nerves 

Movements of the Vocal Cords. 

Abduction of the vocal cords occurs during iiupiration, and the 
cords are adducted in phonation and coughing Kefiex adduction 
occurs m rcepon^ to irritation of the larynx. 

Supranuclear Lesions. 

Little IS known regarding the occurrence of paralysis of the larynx 
as a result of supranuclear legions. Hemiplegia docs not impair the 
movement of the vocal cords. Bilateral lesions involving the larjm- 
geal centre in the cortex at tho base of the precentral convolutions 
may do so (Horsley). In such cases respiratory and reflex laryngeal 
movements are unaffected. 

Nuclear and Infranudear Lesions. ^ 

The following varieties of laryngeal paralysis may occur : 
Vnilateral Total Parali/tU. 

In this condition there is a paralysis both of abduction and of 
adduction of the vocal cord which Iha in the intermediate or cadaveric 
position This may occur as a result of a unilateral legion at any point 
between the nuclens ambiguus and the recurrent laryngeal nerve 
inclusive. Phonation is not abolished, oince the normal cord crosses 
the middle line to meet the paralysed one, hut there is Uanally somo 
hoarseness and diiEcuIty in coughing. 'Dyspnoea and inspiratory 
stridor are absent 
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Uiiiltilcral Abductor Paralysis. 

Tins is usually tiio result of a unilateral lesion of the recurrent 
iaryngealncrve. TIieaflcct«i vocal cord lies at, orclosoto, tlie middle 
Ime and fails to abduct on Inspiration Phonation and coughing are 
uiiafTectcd, and there is no dyspnoea, though slight inspiratory 
stridor may occur. 

Jhlatcral Total Paralysis. 

This may bo prtxluced by bilateral lesions at any point between 
tlio nucleus ambiguus and Uie recurrent laryngeal nerves mclusi\o 
Both cords are jwral^scd in the cadaveric jiosition Plionation and 
coughmg are lost. There is no dj'hpnoe.i, but inspiratory stridor may 
occur on deep inspiration. 

Bilateral Abductor Paralysis. 

This may occur as a result of nuclear lesions or of bilateral lesions 
of the recurrent laryngeal nerves There has been much discussion 
oa to why a lesion of the recurrent larj'iigeal nerve, v> hich innervates 
both abductors and adductors, should sometimes cause paralysis of 
abductors only, and no adequate reason fur this lias been proposed. 
In bilateral abductor paralysis both cords lie close together at or 
near the nuddlo Uno and fad to alxiuct on inspiration. The voice is 
little affcctetl and coughing is normal, but onlng to the fuiluro of 
abduction there is severe dyspnoea, with luarkvHl mspinvtory stridor. 
The dj"spnooft may ncccssuato tracheotomy. 

Bilateral Adductor Paralysis. 

This is usually hystcncal. The cords are not adducted in phona- 
tion, which is therefore lost, and the {viticnt can only whisper. 
Adduction occurs, however, in coughing, which is unaffected. 
Dyspnoea and stridor are absent. 

Visceral Functions of the Vagus. 

Little is known concerning the cfTccta of lesions of the vagus upon 
its visceral functions. In animals sccUoii of both vagi is usually 
fatal. In man compression of one vagus nerve in the neck causes 
slowing of the heart beat, and tachycardia may follow bilateral lesions 
of the vagus, for example, in the case of subtentorial tumours and 
in dtjfhthcexCic smi alosttclic palyiteariiis. 


Lksio>s Involviko the Vagus 
Nuclear Lesions. 

Lesions of the nucleus ambiguus may occur m posterior inferior 
cerebellar thrombosis, sjTingobulbia, m^ulLary tumour, progressive 
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paralysis, llnilateral paralyas of the pharyns as a nib coiiscs no 
symptoms. On examination the pharyngeal irall droops on the 
affected side and the pliaiyngeal rellex is present only on the normal 
side. Bilateral pharjmgeal paralysis causes marked dysphagia and 
bilateral loss of the pharyngeal reflex. In such cases soft, pulpy 
foods, such as porridge, are more readily sn allowed than solids and 
liquids 

Paralysis of the Larynx 

The motor fibres to the larynx originate in the louest part of the 
nucleus ambiguus and some at least probably leave the medulla by’ 
the accessory fibres of the spinal accessory nerve, subsequently’ 
joining the vagus in the jugular foramen. TJie fibres destined for 
the cnco-thyroid muscle, which acts as a tensor of the vocal cords, 
leave the vagus by the superior laryngeal nerve and reach the muscle 
through its cxtcnial branch. Fibres which innervate the abductors 
and adductors of the vocal cords leave the vagus by the recurrent 
laryngeal nerves 

Movements of the Vocal Cords. 

Abduction of the vocal cords occurs during inspiration, and the 
cords are adducted in phooation and coughing Ret!c.T adduction 
occurs in response to irritatloo of the laryus. 

Supranuclear Lesions. 

Little 19 known regarding the occurrence of poralysia of the larynx 
as a result of suprauuclcar lesions. Hemiplegia docs not impair tlio 
mavement of the vocal cords. Bilateral lesions involving the laryn- 
geal centre in the cortex at the base of the precentral convolutions 
may do so (Horsley). In such cases respiratory and rellex laryngeal 
movements are unaffected. 

Nuclear and Infraouclear Lesions. ^ 

The following varieties of laryngeal paralysis may occur : 
Vnilattral Total Paralifsis. 

In this condition there is » paralyxU both of abduction and of 
adduction of the vocal cord which lies in the intemuxUate or cadaveric 
position This may occur as a result of a unilateral lesion at any point 
between tho nucleus ambiguus and tho recurrent laryngeal nerve 
inclusive Phonation is not abolished, since the normal cord cro».sp 3 
tho middle Imo to meet tho iiaralyscd one, but there is usually some 
hoarsenc».3 and dilBcully in coughing. Dyspnoea and inspiratory 
blridor are aWnt 
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Unilateral Abductor Parali/sis. 

Thi^ is usually the result of a unilateral lesion of tho recurrent 
laryngeal nerve. The affectod vocal cord lies at, or close to, tho middle 
lino and fails to abduct on inspiration. Phonation and coughing are 
uualTcclcd, and there is no dyopnoca, though slight inspiratory 
stridor may occur. 

Bilateral Total Parahjsia. 

This may bo jiroducod by bilateral lesions at any point between 
tho nucleus ambiguus and the recurrent larjuigcal nerves inclusive. 
Both cords are piir.ilyscd in tl»c cadaveric position. Phonation and 
coughing arc lost. Tiicro is no dyspnoea, but tnspiratorj' stridor may 
occur on deep inspiratjon. 

Ihlateral Abductor Parahjsis. 

This may occur as a result of nuclear lesions or of bilateral lesions 
of tho recurrcJit laryngeal nerves. There has been much discussion 
ns to why a lesion of tho recurrent laryngeal nerve, which innervates 
both abductors and adductors, should sometimes cause paralysis of 
alxluctors only, and no adequate reason for this has been proposed. 
In bilateral abductor p.iml^'sis both cords lie close together at or 
near the middle lino and fail to alnluct on bisiiimtlon Tho voice is 
llttlo affected and coughing is normal, but owing to tho failure of 
abduction thcro is severe d.vspnoca, with marked inspiratory stridor. 
The dyspnoea may necessitate tracheotomy. 

Bilateral Adductor ParahjsU. 

This U usually hysterical. The cords are not adducted in phona- 
tion, which U therefore lost, and the patient can only whisjicr. 
Adduction occurs, however, in coughing, which is unaifcctcd. 
Dyspnoea and stridor aro absent 

Visceral Functions o{ the Vagus. 

Little is know n concerning tho cITects of ]csion.s of tho vagus upon 
its visceral functions. In animals section of both vagi is usually 
fatal. In man compression of one vagus nervo in tho neck causes 
slow ing of the heart beat, and tachycardia may follow bilateral lesions 
of tho vagus, for example, in the case of subtentorial tumours and 
in diphtheritic and alcoliolic polyneuritis. 

Lesions iNVoLvisa the Vagus 
Nuclear Lesions. 

Lesions of the nucleus ambignua may occur in posterior inferior 
cerebellar thrombosis, s^Tingobulbia, medullary tumour, progressive 
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muscular atrophy, encephalita letliargica, acute anterior polio- 
myelitis, rabies, Landry’s paralj^ and diphtheritic and other forms 
of jiolyueuritis. 

Nuclear legions usually cause an associated paralysis of the soft 
palate, pharynx, and laiyTOX, though when the upper ijart of the 
nucleus only is affected the larynx escapes {palato-pharyiigeal 
paralysis syndrome of Arellis) 

Bdaterarabductor paralysis of the larynx may be duo to a nuclear 
lesion, of which the commonest cause is tabes. It may also occur 
as a symptom of plumbism. 

Lesions in the Posterior Fossa. 

Lesions which mrolvo the vagus between its emergence from the 
medulla and its exit from the skull in the jugular foramen almost 
uivanably affect nei^bouring cranial nerves, especially the ninth, 
eleventh, and twelfth Such Icrions include tumours and syphilis 
and the extension of infection from the middle ear to the bone or 
dura mater of the posterior fossa The commonest combinations of 
associated cranial nerve lesions in (his region are glossopliatyTigea?, 
vagus, and spinal accessory (the syndrome of the jugular foramen 
and of Vemet); vagus and spinal accessory (the syndronio of 
Schmidt) ; ragus, spinal acoeiiaory. and hypoglossal (the syndrome 
of Hughluigs Jackson). 

Lesions of the Trunk. 

Lesions of the trunk of the vagus above the origin of the superior ^ 
laryngeal nerve cause unilateral anaesthesia of the larynx, with 
total paralysis of the ipsilateiul vocal coni. 

Lesions of the Recurrent Laryngeal Ner\ e. 

Lesions of the recurrent laryngeal nerve do not affect the seuiibilit v 
of the larynx They may cause total paralysis of the lar37j.v or 
paralysis of abduction. The left recurrent laryngeal iierie, owing to 
its longer course, is more exposed to damage than the right. Wthin 
the thorax it may be compressed by aneurysm oftho aorta, and rarely 
by the enlaiged left auncle ui mitral stenosis, or by neoplasm of the 
ofmctdosCihaf g&ni& ulio to neoplastic 
metastases, lymphosarcoma, or Hodgkin’s disease. Within the neck 
both recuiTcnt laryngeal nerves ore exposed to trauma, to the 
pressure of cnlaiged deep cervical glands, whether malignaut or 
mflammatory, and of an enlarged thyroid, and may bo involved in 
carcinoma of the oesophagus. 
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The Superior Laryngeal Ner\'c. 

Lesioii-j of this nerve aro of no iiii|iartnnec, but the iiervo may 
require to bo iiijcctcHi with alcohol, at the jioiiit where the internal 
larjngeal branch pierces the thyrohyoid membrane, for the relief 
of i>am duo to tuberculosis of tho larynx. 
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10 THE ELEVliNTH OH SJ'JN'AL ACCESSORY NERVE 
Oftiois ASi) UisTiunuTio.s* 

Tho spinal ac(e».ory is a pim-ly motor nerve, v\hicii nriiics partly 
from tho meilulU an«l {wirtly from tho s}>inal eunl. Tho accessory 
portion, or internal br.mch. Is derived from eells of origin iihich aro 
Mtuated in the lower part of the nucleus amhiguus of tho medulla 
Tho spinal portion, or external tnincli. is derived from ceils situated 
in tho lateral part of thu anterior horn of grey matter of tlio spinal 
coni, from the first cervical down to the fifth cervical s»egment. 
Tho acccjworj' fibres emerge from the lateral aspect of tho medulla 
below tho roots of the vagus nerve. Tho spinal fibres emerge from the 
lateral aspect of tho spinal cord between the anterior and postenor 
roots. Tho spinal rootlets unito to form a trunk, which ascends in 
the spinal subdural space, jiosterior to theligamciitum dcnticulatum, 
to the foraiiicu magnum, where it joins tho accessory portion to 
form a single trunk, which leaves tho skull through tho jugular 
foramen in fho same compartment as tho vagus In tho jugular 
foramen tho accc-ssory fibres join tho vagus, and their subsequent 
course to the pharynx and larynx has already been described. Tho 
spinal portion, or external branch, entem the neck between tho 
internal carotid artery and the internal jugular vein. Pasising 
downwards .iiul laterally across tho latter It descends beneath the 
fctemomastoid muscle, which it supplies as it pierces it on its ilecp 
a.spcct. After crossing the jvostcrior triangle) tho nerve ends by enter- 
ing the trapezius on its deep surface. In its course it communicates 
with branches of tho second, third, and fourth cervical nerves. 
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Le&ions of the Sctsal AccEiSonv 
Nuclear Lesions. 

Lesions of tlie nucleus Ainbiguus, the nucleus of origin of the 
accessory fibres, have been desmbed in the section dealing mth the 
vagus nerve. The cells of orig^ of the spinal fibres in tho anterior 
horns of the grey matter of tlie upper five cervical segments may 
undergo degeneration m acute anterior poliomj elitis and progressive 
muscular atrophy, or may bo compressed in ajiingom} elia or by 
tumours involving the spinal cord in the cerv ical region. 

Lesions of the Nerve* trunk. 

Within the posterior fossa the nerve-trunk may be damaged by 
the pressure of tumours, by syphilis, and by the spread of infection 
irom tho middle ear, usually sufifering in association uith neigh, 
bouring cranial nerves, especially the ninth, tenth, and twelfth, as 
described in the section on the vagus Dcrve. AAer emerging from 
the skull the nerve-trunk may be compres-sed or involved in inliamroa* 
tioa by the upper deep cervical glands, or may be severed by o^iera. 
tions in this region. When the lesion is deep to tho stemomaatoid, 
both stemomastoid and trapezius aro paralysed; uhen it is in tho 
posterior triangle of the neck (ho stemomastoid escapes. 

IXSIOKS OF THE SpCx'AL BnAMHl 

Unilateral Lesions. 

Paral;^^is of one stemomastoid causes no abnonnality in the 
position of the bead at rest. The muscle is « asted and u less salient 
than its fellow on the normal side. There is weakness of rotation of 
the head to the oppoiute ride, and uben the patient flexes the neck 
the chin is slightly turned to the paralysed side b^' the unopposed 
action of the normal opposite muscle. A lesion of the spina] accessory 
nerve causes paralysis of only the upper fibres of the trapezius. This 
part of the muscle is wasted and the normal curve formed on the 
back of the neck by the lateral border of the trapezius becomes 

flattened. The shoulder is loueredontheaffectcd side andtboscapula 

becomes rotated downwards and outwards, the lower anc'Ic bein" 
nearer the rnidlme than the upper. There is also slight winging of the 
scapula, which disappears when theserratus magnus is brought info 
action. There is weakness of elevation and retraction of the shoulder, 
and the patient is unable to raise tho arm above the head after it has 
been abducted by the deltoid. It can still be raised above the head 
in front of the body, however, a movement in which the serratus 
magnus takes part. 
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Bilateral Lesions. 

Bilateral paralysia o£ the atemomastmds causes eakness offiezion 
of the neck, and the head tends to fall backwards when the patient is 
erect. Weakness of the stcrnomastoids is considcuous in myotonia 
atrophica. Paralysis of both trapczii causes weakness of extension 
of the nock, and tho head tends to fall fonrards. This is most 
frequently seen in progressire muscular atrophy and in myasthenia 
gravis. 
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11 THE TWELFfH OR HYPOGLOSSAL NERVE 
OniCiiH AND Distribution 

The hyjx^lossol nerve is tho motor nerve of the tongue. Its fibres 
onguiate in the hj'poglossal nucleus of tho medulla, which represents 
an upward continuation of the anterior Jiorn of grey matter of the 
spmal cord. It ia an elongated column of grey matter which in its 
upper part is subjacent to the floor of the fourth ventricle, near the 
midline, and below Is situated on tbo antero-latcral aspect of the 
central canal Thonervo.tlbresafterleavuigthenucleuspaas forwards 
through the medulla to emerge from its ventral aspect between tho 
oUve and tho pyramid. After a short course across the posterior 
fossa the rootlets of the nerve unite in tlie anterior condylar foramen 
tlirough which it leaves tho skull. In the neck the nerve passes 
do^vnwards and fonvards towards tho hyoid bono and then turns 
medially towards the tongue, passing forwards and downwards over 
the two carotid artenea, lying beneath tho digastric and styloboid 
muscles It then passes between tbo mylohoid and hyoglossus 
muscles to reach the tongue. 

The chief branch of the hypoglossal nerve, its descending branch, 
passes downwards in tlie anterior triangle to join the descending 
cervical nerve and form tho ansa hypt^Iossi, from which branches 
are distributed to tho majority of tho infcihyouj muscles. A further 
branch of the hypoglossal nerve supplies the thyrohyoid muscle 
but the fibres which leave tho nerve by both the descending and the 
thyrohyoid branch are derived from a communication from the first 
and second cervical nerves. 

Lesions of tub Httoglossai, Nerve 

A unilateral lesion of the hypoglossal nerve causes weakness and 
wasthig, with reaction of degeneration of tho corresponding half of 
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the tongue. The wasting of the tongue muscles throws the epitlielium 
on the affected side into folds, and owing to tlie relative thickenuig of 
the epithehiun fur tends to accnmulate on the paralysed half of the 
tongue. Tlie median raphe becomea concave towards the paralyscil 






Fio IS. FacaIysi9andvni6tingoftlienghi6id<*bftUc 
tongue, due to & Ic&ion of the right h)'pogli>ssol nene. 
fXote the de^'latioIl of the tougue to the pural>i>eii side 
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side, to which the tip is deviated. Tlie tongue deviates to tlio 
paralysed side on protrusion (Fig. IS). Unilatcml paralysis of the 
tongue does not impair articulation. 

Bilateral lower motor neurone Itsions of the tongue cause marked 
wasting of both sides, associated, when the lesion is due to a progres- 
sive degeneration of the cells of the nuclei, with fibnlJation. In 
severe cases of bilateral paralysis the tongue Les in the floor of the 
mouth and protrusion is impossilde. Dye^lina and some degree of 
dysphagia are present, but bilatoal paralysis of the tongue is not 
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usualJy aji isolated pJjcnomcnon, anti in sueli cases these symptoms 
arc therefore duo m part to paraly^ of other muscles. 

Unilateral lesions of the tongue may occur as a result of lesions 
involvuig the hypoglossal nucleus or the hbres of the nerv’e in their 
course through tho medulla, for example, acute poliomyelitis, 
syringobulbia, and thrombosis of median branches of the vertebral 
artery. In the last case one or both pyramidal tracts are usually also 
involved. Betw een the medulla and tlio anterior contlylar foramen the 
nerve-roots may bo compressed by a tumour or by an aneurysm of 
the vertebra! artery, or may he involval in syphilitic mcnmgitis, or 
by extension of infection from tbo middle ear to the basilar bone or 
to tlie dura mater overlying it. In such cases the glossophar_^Tigeal, 
vagus, and spinal accessory nerves are likely to suffer in association 
with tho hypoglossal (syndrome of Ilughlings Jackson) 

Unilateral hypoglossal paralysis has been ascribed to a periostitis 
of tho anterior condylar foramen analogous to tho lesion of the 
stylomastoid foramen rcs|>onsible for Bcirs facial paralysis. It is a 
rare sequel of head injury In the neck the nerve may bo mjurotl in 
oiwrations in this region, accidentally or intentionally, as in tho 
operation of hyjioglosso-racial anastomosis Hemiatrophy of tho 
tongue may occur as part of tho symlroiuo of facial hemiatrophy 
Tho commonest cause of a bilateral lower motor neurone lesion 
of the tongue is involvement of tho medullary nuclei m progressive 
muscular atrophy — progressive bulbar palsy. In such cases fibrilla- 
tion is conspicuous as long as active degeneration h occurring 
There should be no ditb'culty in distmguisiiing upper from lower 
motor neurone lesions involving tho tongue Bilateral upper motor 
neurone paralykisaceataasarcsultoncsions involving both pyramidal 
tracts above tho medulla and forms |>art of the syndrome known as 
pseudo-bulbar palsy. Tho couimoncst causes are double hemiplegia 
of vascular origin, disseminated sclerosis, amyotrophic lateral 
sclerosis, and tumours of the brabi-Btem. The tongue is somewhat 
smaller than normal ow ing to spastic contraction of the muscles, but 
true wasting does not occur and the reaction of degeneration is 
absent. Neighbouring muscles are also the site of spastic paralysis 
and the jaw-jerk is exaggerated. 

RnFKREKCE 
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CHAPTER III 

HYDROCEPHALUS AND INTRACRANIAL TUMOUR 
1. HYDROCEPHALUS 

Definition: An increase in the rolome of the cerebro-spinal Iluid 
within the skull. 

Aetiology. 

It IS important at the outset to distinguish (1) increase in the 
volume of cerebro-spinal fluid without increase in its pressure, and 
(2) increase in the volume with ucrcase in the pressure. 

(1) fncrcasi in tiie tx)lurae o/ the ceretro-spinal fluid u-ithout increase 
oj pressure is of no clinical importance. In such ca.^s tho esce.'ia of 
fluid IS compensatory to atrophy of the brain, and this condition is 
observed in cases of congenital cerebral bj-poplasia and of acquired 
cerebral atrophy due to diffuse sclerosis, general paralj eis, and semle 
or presemie degenerative changes. There is an cvccss of fluid occupy- 
ing the suboxaciinoid space over the shrunken convolutions, and 
there is also usually some dislcosioo of the cerebral ventricles, which, 
however, is not due to increased intraventricular pressure' but is a 
passive result of atrophy of the white matter of the hemisphereg. 

(2) Increased volume of the cerebro-spinal fluid tettk tncreaaed 
pressure is due to a disturbance of tbe formation, circulation, or 
absorption of the fluid. In some cases one. in others more than 
one, of these factors operate. 

As we have seen in a previous section, tbe cerebro-spinal fluid is 
formed by the choroid plexuses of the cerebral ventricles, flous 
through the ventricular system, reaches the subarachnoid space by 
the foramina of Luschka, bathes the surface of the brain and spinal 
cord, and is resorbed into the blood-stream by the arachnoid vilh 
of tbe intracraniaL venous suiuses and possibly also by tbe capill- 
aries of tbe nervous system. 

Increased Formation. 

We know little about causes of increase in tbe rate of forma-,, 
tion of the cerebro-spinal fluid. Bedford's work renders it unlikely 
that hydrocephalus can be caused by obstruction of the groat vein 
of Galen Increased formation of fluid occurs, houever, when 
the osmotic tension of tbe blood is lowered as in meningism. 
It is probable that reflex byperoenua of the choroid plexuses 
causes mcreased formation of the cerebro-spinal fluid in mcnin<ntK, 
and increased permeabihty may occur in toxic states and after 
head mjurj' 
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' Obstructed Circulation. 

Obstruction to the circulation of the cerebro-siiinal fluid may occur 
at any point of its course. Within the ventricles the commonest 
cause is a neoplasm which may compress one or both foramina of 
Monro, or fill the third ventricle. The aqueduct of Sylvius may be 
obstructed by a tumour arising in the third ventricle, in the midbrain, 
or in the pineal body, or may be congenitally absent. Owing to the 
small calibre of the aqueduct of Sylvius, slight swelling of its ependy- 
mal lining ma}' lead to its obstruction, and cases have been reported 
in which hydrocephalus has followed ependymitis in this region 

Subtentorial tumours may obstruct the fourth ventricle The 
foramina of Luschka may be blocked by adhesions following 
meningitis or by displacement of tbe medulla into the foramen 
magnum by the pressure of a tumour. Within the subarachnoid 
space obstruction may again be duo to tumour, to adhesions 
following trauma, inflammation, or haemorrhage, or to congenital 
abnormalities. 

Among tbe last-named is tho Amold-Chiari malfonuation. This 
is a tongue of ce^3bellar tissue irith an elongated medulla oblongata 
Mhich protrudes into the spinal canal. Russell and Donald (I03o) 
suggest that the malformation prevents the cerebro-spinal fluid 
from flowing upwards into tho cerebral subarachnoid space and 
BO interferes inth its absorption. This abnormality is associated 
with meningomyelocele and lumbo-sacral spina bifida, or sometimes 
with simple meningocele. To remove the sac in such cases of spina 
bifida may precipitate hydrocephalus if this is not present already, 
because, it is suggested, the sac is caimble of absorbing some cerebro- 
spinal fluid. 

Impaired Absor^ption. 

Absorption of fluid from tho arachnoid villi may be impaired by 
a rise in the intracranial venous pressure, due to compression of 
venous sinuses by an intracranial tumour, or impediment to tho 
venous drainage from tho head by raised intrathoracic pressure m 
cases of pulmonary neoplasm, aneurysm of tbe aorta, or severe 
emphysema. Tbrombosia of tho superior longitudinal sinus by 
extension of infection from the lateral sinus seems the probable 
cause of the condition described os ‘otitic hj drocephalus ’ in wliich 
symptoms of hydrocephalus complicate otitis media or mastoiditis 
(Symonds 1931, 1937). (See also p. 318.) Obhteration of tho arach- 
noid villi by inflammatory material may occur in meningitis. 

We can thus distinguish the following varieties of hydrocephalus : 

(1) Increased volume o£ cerebro-spinal fluid with normal pressure — 
comjicnsatory hydrocephalus. 
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(2) Increased rolume of cerebro-spinal fluid iiTith increased pressure 
— hypirtemive hydroaphaltu. 

Hypertensive hydrocephalus can be further subdivided, as Dandy 
has shoivn, into 

(i) Obstructive hydrocepltalut, in which there is an obstruction to 
the circulation of the cerebro-sianal fluid, either ivithin the ventricles 
or at the outlet from the fourth ventricle, ivhich prevents free com- 
munication between the ventricles and the subarachnoid space, and 
(u) Coinmunieattng hydroe£pkaIua, in irhich free communication 
between the ventricles and the sabaraclmoid space exists anil 
hydrocephalus is due either to disturbance in the formation and 
absorption of cerebro-spinal fluid, or to an obotniction to its circula- 
tion in the subarachnoid space itself. 

In obstructive hydrocephalns pressure within the lateral ventricles 
differs from that m the spinal subarachnoid space, determined, by 
lumbar puncture when the patient is in the horizontal position, and 
the pressure of the fluid in the latter position is often not raised 
and may be subnormal. 3Ioreover, a dye injected into the ventricles 
cannot be recovered from the spinal subarachnoid space after aa 
mterval of five ruinates, as U normally the case. , 

In communicating hydrocephalus the intraventricular and spinal 
subarachnoid pressures are the same when the patient Is horitoiitai, 
and both are above normal. Free communication between the 
ventricles and the spinal subarachnoid space is indicated by the 
rapid passage of the dye from the former to the hitter. 

The terms internal and external hydrocephalus arc incompletely 
dcscnptive, since the ventricles are usually dilated in all forms 
of hy'drocephalus, both compensatory and hypertensive, and an 
mcreased rolume of fluid in some parts of the subarachnoid space 
13 common to both compensatory and bypertensivo communicating 
by drocepbalus. 

Hypertensive hydnacephalus may be either congenitai or acijuired. 
The congenital variety may be de%-eIoped before birth, the enlarged 
head fomung an obstruction to labour. It is duo to congenital mal- 
development of the circulatory channels at some jioint and is often 
associated with other congenital abnormalities, such as spina bifida, 
hare lip, and club foot. In a few recorded cases a fauiiiial tendency 
has been observed. Other cases of so-called congenital hydro- 
cepiafus may be efue, as suggests, to head injury at hirlh. 

the arachnoid villi, through which the absorption of cerebro-spinal 
fluid occurs, becoming blocked by the coagulation of extrava-sated 
blood in the subarachnoid space. Acquired hydrocephalus has been 
divided into ‘primary’ and ‘secondary’ varieties. This distinction 
has some clinical value as indicating that in some cases the b> dro- 



HYDROCEPHALUS 209 

cepbalus is a symptom of a clinically recognizable intracranial lesion, 
while in others the cause remains obscore. Pathologically, however, 
the term ‘primary hydrocephalus*, like ‘icliopathio epilepsy’, is 
merely an expression of our ignorance. 

The commoner causes of acquired hydrocephalus are adhesions 
of the leptomeninges following meningitis, tiirombosis of tlio intra- 
cranial venous sinuses, and intracranial tumour, especially when 
situated in the posterior fossa. Syphilitic meningitis is a rare cause. 
Sheldon and others liavo reported cases of ependymitis of the 
aqueduct of Sylvius leading to its obliteration and causing hydro- 
cephalus. Qbstruction witliin the fourth ventricle or in the sub- 
arachnoid space IS occasionally due to parasitic cysts. 

Pathology. 

As uc have seen, tlie causes of hydrocephalus are pathologically 
various, and they need not be described in detail. Distension of the 
cerebral ventricles is the most conspicuous feature. When obstruction 
occurs in tiie aqueduct of Sylvius only the lateral and third ventricles 
are distended. When (he obstruction is tnoro caudally situated the 
aqueduct of Sylvius and the fourth ventricle may also be enlarged 
Ventricular distension causes thinning of the cerebral henuspheres, 
which m severe cases may be extreme and is associated with some 
atrophy of the cor tical ganglion cells The Ciiendynia of the ventricles 
is normal, except in indammatory cases, when ^ locahzcd or more 
or less diffuse ependymitis may bo present. Meningeal adhesions 
iudicato a previous meningitis Distension of the ventricles leads to 
pressure upon the bones of tbo skull, which become thin, especially 
where they overlie the cerebral convolutions Separation of tlio 
sutures occurs when hydroceplialus develops in early life, hut is not 
as a rule seen after the age of 18. Compression of the base of the skull 
causes erosion of the clinoid processes and excavation of the sella 
turcica. Tlie olfactory tracts and optio nerves are usually atrophic 

Symptoms. 

Conge7ulal Hydrocephalus 

Enlargement of the head is the most conspicuous symptom in 
congenital hydrocephalus iFig 19). It may occur before birth, but is 
usually noticed during the first few months of life In most cases it 
is slowly progressive and the head may attain a huge size, with a 
circumference of 30 inches or even more. The cranial sutures are 
mdely separated and the anterior fontanelle is much enlarged There 
is marked congestion of the veins of the scalp. In extreme cases the 
bead may he translucent and may yield a fluid thrill on percussion 
and an audible murmur on auscultation. Enlargement of the head 
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occurs, in all its dwtuctcrs. Tbe frontal region bulges foruanls, and 
downward isre&iiure upon tbo orbiul plates C5iu»c3 tlio cjts to be 
protruded forwards ainl downwards. Owing to the expansibility 
of the skull in infancy, the familiar sjinptoms of increo.-.ed intra- 
cranial prcsaunj are slight or absent. Iljdroceplialic children seein 
little troubled by headache ami rarely vomit. Oanmliions are c-oni- 
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mon. Itilatcral anosmia may occur. Optic atrophy due to pressure 
upon tbo nerves is usually present, but in sonic ca.->cs there U jkipil- 
loedtma, and this may be imposed upon optic atrophy. Visual 
acuity 13 jirogrcssively reduced until in bc\ ere ca.-ca the chiiil becomes 
bliml I’aralvsu of other cranial nerves may occur, and squint is 
not uncommon. Xv'stagmus may be present. In the hinbs there arc 
Usually some weakness and inru-ordmation, which is gcncrallv more 
marked in the lower titan in the u{qxT limbs. tii>asticity with 
exaggeration of tcmlon rcHeies U common in tlie lower hnilis, 
though sometimes the tendon rillexes ore lost. Tho plantarntlcxes 
an? ususUycslcitM/r. Tlare i» btth oe no iiUlur}js!»v cffscrtaiilfd/fy. 
The mental state varies in dillerent cases. In wrere ca.'-es there is 
usually mental ikGcieocy, but in milder cases Uiis may l« slight or 
absent. In uuMcr casts there may be obe.dty duo to eompresston of 
the h^-pothalamus and pituitaiy gland. In more set ere ca»es there 
U usually wasting Ccrebro-spnalrbinurThoea u a ran,« compbuiiion. 
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Acquired Hydrocephalus. 

The clinical picture of acquired hydrocephalus varies somewhat 
w ith its cause. Iji obstructive hydrocephalus symptoms of increased 
intracramal pressure are conspicuous. Headache aud vomiting aro 
the earliest symptoms and are followed after a short interval by the 
development of papilioedcnia. !nio headache is at first paroxysmal, 
but later becomes constant, and there ore sometimes intense exacer- 
bations characterized by severe hcadacho radiating down the neck 
and associated with head retractioii aud even with opisthotonos, 
vomiting, and impairment of consciousness. Giddiness is a common 
symptom. Some mental de^rioration usually occurs after a time, 
especially in later life, and hallucinations, delusions, and distur- 
bances of emotional mood may occur. Convulsions are less common 
in the acquired than in the congenital variety. Enlargement of the 
head is less conspicuous in acquired than in congenital hydrocephalus, 
on account of the greater age of the patient, and does not occur after 
the age of 18. Before that ago there is often slight separation of the 
cranial sutures, yielding a ‘cracked-pot sound' on percussion and 
associated with \cnou3 congestion of the scalp Cr«anial nervo palsies 
may occur, especially paralysis of tlie sixth and seventh nerves, and 
often fluctuate in scscrity from day to day Sliglit exophthalmos 
is not uncommon. Gross weakness of tho limbs is absent, though 
clumsiness and slight inco-ordmation are common. The tendon 
reflexes may bo exaggerated or diminished The plantar reflexes are 
frequently extensor There is as a rule no sensory loss Symptoms 
of hypopituitarism, obesity, and genital atrophy, aro common in 
children and adolescents. 

In ‘otitic hydrocephalus’ duo to thrombosis of the superior longi- 
tudinal sinus papilioedema is usually conspicuous, but headache 
and vomiting and other signs aro often sligiit or even absent. 

The pressure of cerebro-spuial fluid is increased m communicating 
Iiyiiroccphalus, but is usually normal or may be diminished in 
obstructive hydrocephalus. The fluid is usually normal m composi- 
tion. Radiograms of the skull (Fig. 20) may show enlargement of the 
calvarium, with thinning, and exaggeration of the convolutional 
markings. Separation of the sutures may be present Tlie clinoid 
processes are often eroiled aud the sella turcica is deepened and 
expanded antero-postenorlp. 

Ventriculograms show enormous dilatation of the ventricular 
system (Figs. 21 and 22). 

Diagnosis. 

The diagnosis of congenital hydrocephalus is not usually difficult. 
Owing to the enlargement of the head it may be confused with 



212 HYDROCEPHALUS AND INTRACRANIAL TUMOUR 
rickets, but in rickets the enlargement of the head is due to localized 
thickening of the bone and other characteristic l>ony abnormalities 
are present eLe^ here. 

Acquired hydrocephalus is frequently present as a coni])lication of 
conditions causing increased intracranial pressure. The recognition 
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lutional markioga There la eeparatiooofttiesutiixes especially ’ m ell (llustmteii 
in the region of the coronal suture and the junction of the basispheitoid. Tlicro 
IS general thinning of the skull. child sufTcrixig from a etricturo of the 
oqu^uct of Sflcius. (Radiogram by lir. Jupe } 

of the existence of hydrocephalus is usually a siinplo matter. The 
discovery of its cause may be difficult. It is often necessary to 
determine whether the hydrocephalus is of the olistructive or of the 
communicating variety. The following tests may bo of value in 
settling this point ; 

1. Manometry. Ventricular and lumbar puncture are performed 
andacerebro-spinalmanometerisattocfaedtoeach needle. Normally, 
when the patient is hmizonal, the pressure of cerebro-spinal fluid 
recorded by the two manomet^ is approximately tlio same and 
sbghtly raising or lowering the head or the buttocks alters the two 
pressures m such a way that the upjier leiel of the fluid in the 
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nianoiueters remains at about the same horizontal level. A marked 
difference between the ventricular and lumbar pressures when the 
patient is horizontal indicates obstructive hydrocephalus. 

2. Encephalography. If air be injected into the lumbar subarach- 
noid space by tlie method described on p. 240, with the patient in a 
sitting position.somenormallyenters the cerebral ventricles. A failure 
to introduce air into the ventnejes by this method is suggestive, but 
not conclusive, evidence of obstructive hydrocephalus. 

3. Dye Te3ta. Ventricular puncture is performed and 1 c.cm. of 
neutral phenolsiilphoncpbthalem is injected into one lateral ven- 
tricle Lumbar puncture is then performed, and normally the dj'e 
appears m the cerebro-spinal fluid of the lumbar sac in from three to 
eiglit minutes. Fluid containing the dye yields a red colour on the 
addition of 25 per cent, sodium hydroxide solution. Tlie failure of 
the dye to appear in the lumbar fluid after ten minutes indicates 
an obstruction to the outflow from the ventricles. 

The above tests will help to indicate whether the hydrocephalus 
is due to a defect in circulation or absorption of the ccrebro-spiiial 
fluid. Wiien the cause of the hydrocephalus is a tumour it is rare for 
focal signs of the (umour to be lociuug, though in hydrocephalus 
of long standing confusion may arise from the presence of signs 
produced by the hydroccjibalus itself. When no focal intracranial 
cause can bo discovered careful inquiry should always bo made for 
a history of otitis and other possible causes of intracranial sinus 
thrombosis. Spina biflda sliould suggest the presence of the Arnold- 
Ciuari malformation. 

Prognosis. 

In most cases congenital hydrocephalus proves fatal during the 
first four years of life. When tho enlargement of the head is rapid 
the patient is not likely to survive more than ono or two years. 
Exceptionally the disorder becomes arrested and a state of equili- 
brium is readied between the formation and the absorption of tho 
cerebro-spinal fluid. In tbosewho survive, mental deficiency, epilepsy, 
and blindness are common. The prognosis of acquired hydrocephalus 
depends upon its cause and how far this is amenable to treatment, 

Treatment. 

Congenital Hydrocephalus. 

In spite of many and varied attempts to deal surgically with 
congenital obstructive hydrocephalus the results of treatment have 
always been disappointing. Treatment has been directed to per- 
mitting the escape of fluid from the distended ventricles. Probably’ 
it has foiled b^uso the dtannels of absorption are defectire. 
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Openings liavo been made in the corpus callosum and in the floor of 
the third ventricle. Dandy has exercised the choroid plexuses of the 
lateral ventricles. The resalts of soi^cal treatment hardly justify 
its use in such cases, but the Amold-Chiari abnormality may lie 
successfully treated by euboccipitat decompressiou. 



Fig. .’1. 


Figs 21 and 22. Ujdrocephalus. \ontnou!ograuia enormous dila- 

tation of the lentncular system, the lateral and third >eniniles being eJeariy 
seen. The anterior end of the Uiinl icntride l'a° encroached oa tlio pituitar)' 
fossa so that the dorsum sellae is eroded and the whole fossa deepened. 

(Radiograms by Dr. Jupe.} 

Dinretm has been administered in doics of 0 2 gramme titricc 
daily m order to fllitiinish the fomiatlon of cerebru-spinal Quid, and 
X-ray irradiation of the choroid plexuses has been eniploj cd for the 
same purpose. Othcrtdse treatment is symptomatic. 

Acquired Hydrocephalus. 

The appropriate treatment of acquired hydrocephalus depends 
upon its cause, ^“hen it is due to an intracranial tumour thb must 
receive appropriate surgical treatment. In cases of congenital and 
acquired narroinng of the aqueduct of Sylvius attempts have been 
made to dilate this channel from ita lower end. Obhtcration of the 
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formniiia of Lusclika by adhcbions following moniiigitia has been 
bueccssfiiUy treated by Dandy, wlio comtnicted a now foramen. 
CommuiiicMting Iiydroceplialns without a focal intracranial lesion, 
such as may follow otitis media, or may occur spontaneously, 
should bo treated by rc])cated lumbar puncture, together with the 
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ailministratioii of magnesium sulphate by tlio mouth and rcstricteil 
Iluid intake. At each lumbar pimcturo the pressure of the fluid 
should bo determined, in order that progress may bo estimated. 
Jlcdical treatment may safely bo contiuucd as long as visual acuity 
is not deteriorating If this occurs as a result of papiUoedema, sub- 
occipital decompression should be carried out. 
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2. I^TRACRA^’L\L TUilOUR 
IkfinUicin’. Tbe (era 'iatracraoial tumour’ is cooroniently applied 
to localized intracranial lesions, trhetbcr of neoplastic or of chronic 
inflammatory ongiii, which by occupying space within tbe skull tend 
to cause a nse ia intracranial pressure. 

AmOLOGT 

Apart from those of inflammatory origin, the acUolog}* of intra* 
cranial tumours is little understood. In n minonty of cases congenital 
abnormality appears to play an important part in causation, especially 
mthe angiomatous malformations and theai]giobIastomas,thcgangIio* 
neuromas, the cholesteatomas, and tumours of the cranio-pbajrmgeal 
pouch The caosation of the gliomas is as obscure os that ofneo* 
plasms in ^neraL It is uncertain whether the primitii e character of 
the cells of which some gliomas are composed should be regarded as an 
indication that they are dctiTcd from embr^'onic cell rests or should I>e 
considered as acellulariegresaion. There is noeridence that trauma is 
a predisposing factor, except, rarely, in the case of meningiomas which 
have been known to arise beneath the site of a previous head Lnjuiy. 

.4n intracranial tumonr may occur at any age, though, as will be 
seen later, certain tj-pes of glioma tend to ei^bit a characteristic 
age-incidence. The frequent occunence of some forms of gboma 
in childhood is responsible for the fact that the agc-incidenco of 
rntracrania] tumours differs from that of most other malignant neo- 
plasms, which are rare befrse middle life. Tuberculomas appear to 
be relatirely more common In childbood than in adult life. 
Intracranial tumour affects both sexes with equal frequency. 
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IN'TllACU^VNIAL TUMOUll 
Pathology 

Tho pathology of inlracraninl ncopIn&iiiH hiu inudo great a<h niit^vs 
during tljo prcsfent (VtUxiry, tliicily on tug lo tJie researches of CiijaJ, 
Kortoga, and Ciisliing and hh impiU, ami has asaumed considcrablo 
clinical importance It hoa l>con learned that tho diflcrent tyjjos of 
tumour, o\cii tho different varieties of glioma, often exhibit a 
characteristic ago-iiicidcnco nml rate of gro'ith and a predilection 
fur certam biluatioris in tho brain, llenco it is becoming ])os.'nbIo 
for tho clinician w ith increasing frwuiciicy to diagnoso not only tho 
presence and situation uf an intracranial tumour, but also its pred^o 
pathological nature, and tofonu an acc-uratocstminto of its prospects 
of remo\ al, of tho jK'Culmr diniciillics likely to bo cnooimlcrc-d in tho 
task, and of its probable malignancy, illstological examination 
during and after renioialof Iho growth, csi^ciaJJy in tho caso of tho 
gliomas, throws further light on tho lost (loint and >ields information 
as to tho prusiKCls uf a rceurrenconnd tho hkeliliood that tho tumour 
will rc'pond favourably fo irraillafion therapy, and mcreasing 
expericnco enables the surgeon lo wmio extent to anlicipato tho 
results of hutolflgical oxuiiimation from the naked*eyo npixiaraneo 
of tho ncophism. 

Tho following figures indicating tho rc!ali\o frequency of tho 
various kinds of intracranial tumour aro boscsl upon tlio fltidings 
of Cushing and upon the data obtaimsl from tlio National Hospital, 
Queen Square, by WaUho (1031) The iK'reenlagos are about the 
same in tho two groups with the exception of those refemng to 
pituitary adenoma. 


Glioniii 

ubuut 41 0 iicr lent 

Mcuuigiuiiia 

.. 13 0 


Authtory nerve tumour . 

.. 10 0 


llyiKipIiyaciil duit tiiiiHUir 

7 0 


Snrcoitui 

.. 7 0* 


Kecuudnry curoitomw 

.. 5 0 


I’ltuitary utlciiuiiia 

4-ti‘ 



10*2“ 



Tulx-rculamal 
Granuloin .1 / 


J3]oo(l.s-i.“»scl tiMocmr • „ t'7 „ 

Choroid plexus tuiiumr ks4 (hun 1-U „ 

Cliolcstcatoma . „ ,, 1-0 ,, 

Gliomas. 

The gliomas aro tumours dcrixal from tho cells wliicli constitute 
tho supporting tissue of tho nervous system, but unlike connective- 
' ‘ Kational Hospital figures. ’ Cushing's figures 
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tl-vsuc tumours cLcwhcre they are of cpiWastic orijiin. The preciao 
cIa.-vilic3tion of the gliomas is still unaeltled. Bailey and Cushing 
(IDJO) have projioacd a cL^fication based upon tJic derelopment 
of the glial celL In the embryo the mcdullar 3 ' epithelium of which 
the neural tube is compand first differentiates into three tjyxa of 
tell the neuroblaat, iho primitive spongioblast, and the medullo- 
blast The ncuroblut ultimately dcrelojJs into tho neurone, and 
the prunitive spongioblast gives li-ai to the cpcnd^nnal cells and tbo 
glial cells, with the exception of the nucroglii which is of meso- 
dermal on,:in The medulloblast, it is suggested, preserves the un- 
difforentiatc-d character of the mcdullarj' cpithcliimi in that it can 
develop into cither glial or neuronic cells. Bailey and Cushing hare 
rcfognizwl in the different tvyw-s of glioma pmlominant cells w hich, 
they consider, rorre.-ixitul with the various embryonic or mature cell 
tyi>c.s TLh developmental cLuvdtication is bc«>t illiisiraU'd by the 
dugrani liclow, nushiicil by WaUIio from Bailey an<l Cushing. 


MsJullaiy epithdiura 
(JJoJuUd^pillirUoiua) 


Fnmitirs iponpvbUst 
(Keuro epilticLotiu) 


/ 

Epptulftus) 
(pon^bLut 
( Efieiulj'mo- 
Lliutoiua) 


MsduQobUirt 

{MeJuUobUstcma) 


NeumbUft 

(NeuroblMloffla) 



ailrucyte 

(FibnUaiy 

lottos) 


(Gaiiidio- 
(OLf3>dcn. tkcuroiiu) 


It has been objected that a glioma may contain cells chamctcriitic 
of different «tages of development, and it is jirob.iblo llial Bailey 
and Cu.-hing‘8 cloasihcatioii is to some extent artilicial. Xerc-rtliclcss 
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it is likely that its underlying principle will form a basis of whatever 
classification is Ibially adopted. For clinical purposes the following 
are the most important of the gliomas Tliose most frequently 
encountered nro the astrooytoinaa, about .16 jier cent., spongio- 
blaatoiuas, about 34 per cent , and the medulloblastomas, about 
II per cent , of Bailey and Cushing's senes of gliomas 
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1. Medulloblaslotna These are rapidly growing tumours which nro 
most frequently encountered in tJie cerebelJinii in children, wJjerc 
they anse in the region of the roof of the fourth \ entnelo They are 
comjxised of masses of rounded uodifibrentiated cells (Fjg 23) and 
show a marked tendency to become disseminated through the 
subaraeJmoid space bofli of the brain and of tlie siiiii.'d cord. Tins 
subarachnoid metastasis is not pecuhar to the mcduUoblastoina but 
ap 2 }arently may occur in the case of any of the gliomas. The medullo- 
blastoma is one of the more malignant gUomas, and the average 
duration of illness is six months before and six months after opera- 
tion. Radiation appears to bo of considerable value in retarding the 
growdU of tills tumour. 

2. Spongioblastoma Mnllijortne. This is an extremely malignant 
glioma arising in middle life and almost invanahly found in the 
cerebral hemispheres. It tends to infiltrate the brain extensively 
and often attauis an enormous sae. It is a reddish, liigbly vascular 
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tumour, and often exhibits haemorrhages and areas of necrosis 
(Fi<’ 24). Microscopically it consUU of relatively undifferentiated 
roimd or oral cells, together -with spongioblastic and astroblastic 

forms. Xo form of treatment prolongs life for more than a few months, 



and the aTcrage survival period for tho-* surgically treated is tu e)v e 
months 

3. Astroc^oina These are white, infiltrating growths wiiicli may 
occur at any age and in either the cerebral or the cereheiJar hemi- 
spheres. They are slowly growing and relatively benign, and the 
.average survival period after the first symptom is sLxty-seven months 
in the ca»e of the former and ^hty-nine months in the case of the 
latter. The cerebellar astrocytoma of childhocKl ia a particularly 

benign tumour iIicroscopicaUy(Fig.25) they exhibit abundant astro- 
cytes and, in the case of the fibnllary astrocytomas, a dense fibnl net- 
work, and the tumour cells exhibit attachments to the blood-veascls 
characteristic of the astrocyte. Astrocytomas atu particularly liable 
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to undergo cystic traiisfomialion. Gliomatoiis cysts, therefore, liavo 
on tlio %v)io)i) a fdvourabJo ]>rogtiosM, though cystic cJiange is foirij’ 
common in the spongioblastomas. 

4. OligodaulrogUoma. This is a rare, slowly growing, relatively 
benign tumour occurring m the cerebral hemisiihcrc.s in young adults. 
The celts of which it is coin]H>scd exhibit features which are held 
to relate them to oligodondrogha 



3. Epentlijmoma. This H a firm, whitish tumour, hometuues 
papillifcrous, arising from tficc[icndyma, frequently in thereof of the 
fourth ventricle and bomctiines from the walls of the otlicr ventricles 
and from the central canal of tho spinal cord 

C. GaiifjlioQUoma. This rare tumour is composed of ganglion cells 
surrounded by ghonia tissue composed of astrocytes and astroblasts 
7. ycuroOl^toviaa and Ganj/lioncuromos, though not glial m origin, 
may conveniently bo mentionod here. Both are rare tumours, the 
former consisting of iieuroblasts and the latter of ganglion cells and 
in somo instances of nerve-fibres, which are usually unmjelmated. 

Afenfngionta. 

These tumours were at one time thought to arise from the dura 
mater and hence were known as dural endotheliomas. It is now* 
believed, however, tliat although they are attached to tho dura 
many arise from tho arachnoid cells which penetrate the dura to form 
the arachnoid villi, jirojccting into the dural %cnou3 sinuses. They 
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arc composed of spedalketl connective-tissue cells resembling the 
cells which constitute the arachnoid villus. These cells are present 
in columns or whorls (Fig. 26), and the tumour sometimes contains 
fibroglia together mth collagen fibres and small calcified concretions 
knowm as psammoma bodies. ‘They ha%e therefore been termed 
‘meningeal fibroblastoma’ and ‘arachnoid fibroblastoma’. The 
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term ‘meningioma', however, (hough less, completely descriptive, 
is more convenient. 

Commonly the meningioma is a single large, more orlcss irregularly 
lobulatcd growih, but les»3 fieqiiontly it may form a flat plaque 
spreading over the inner surface of the dura. A distinctive feature of 
the meningiomas ii their relationship to the bones of the skull. 
Tliougli hyperostosis may be tbe reaction of the bone without its 
having been invaded, these tumours tend to invade the oierlyin'^ 
bone m about 20 per cent, of cases, absorption of bone anil new bone 
formation occurring simultaneously. In this process the outer t.able 
of the skull may be absorbed and rebuJt so as to constitute a bonj* 
boss (Fig. 30, p. 240). Jlicroscopically meningioma cells fill the 
Haversian c.vnals and spaces. Xew l>onc is laid down in spicules 
jicrpendicularly to the surface of the skull, the osteogcnetic cells 
being derived from the outer lasers of the dura or from the bone 
itself In rare cases a meningioma may perforate tlio skull anil infil- 
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trato tile extracranial tissues. The meningioma, whicli is of meso- 
dermal origin, does not invade the brain but comprcsbes it, and the 
resulting disturbance of cerebral function is as a nilo much less 
marked in proportion to tho size of the tumour than is the case uith 
the gliomas. 

Since tho meningiomas ariftO from tbo cells of tlie arachnoid villi 
they are commonly fomid along tho course of the intracranial venous 
sinuses, and their sites of greatest pcerJilcction are the superior 
longitudinal simi.s — parasagittal iiieniiigiotnas , tho sphenoparietal 
sinus and the middle meningeal vessels — meningiomas of tho con- 
vexities; the olfactory groove of the ethmoid; and the circle of 
sinuses around tho sella turcica — suprasellar meningiomas Menin- 
giomas are very rare below tho tentorium. Multiple meningiomas 
may occur in association with multiple neurofibromas (sec p 502). 

Auditory Nerve Tumour. 

Auditory nerve tumours arc usually unilateral. Uarely they are 
bilateral aad arc then usually, though not ahmys, manifestations 
of generalized neiuxjfibroniatosis ami may bo associated m ith iniiltiplo 
meningiomas (see p. 0C2). Familial c\amp]e.s of bilateral auditory 
nervo tumour have been tcjiorted. Pcnfield believes that the solitary 
auditory iicrvo tumour can bo difTcrentiated histologically from that 
associated with geticralued ncurotibromatosis A sohtary tumour 
consists of elongated colls liko spindle fibroblasts m ith much collagen 
and reticulum, and exhibits marked palisading and |>arallclism of 
nuclei. Alallory and Pcoficld bcliovo that these tumours arise from 
the perincurial or eiidoneurial connectivo tissue and that tho fibro- 
blast U their typo cell. Mallory Ihercforo terms them ‘perineunal 
fibroblastomas’. Though the eighth cranial nerv'cis their commonest 
site, similar tumours may bo found ution other cranial nerves, 
especially tho optic and tho trigeminal, upon spinal nerve-roots, 
usually the posterior, and upon pcriplieral nerves. The neurofibroma 
of von Recklinghausen is tliougbt by Pcnfield to differ from the 
tumour Just described iu that nervo-ftbr^ are found within it. For 
clinical purposes the term ‘acoustic neuroma’ may conveniently bo 
used to include both types of tumour if indeed they are histologically 
distinct. 

Blood-vessel Tumours. 

The blood-vessel tumours of tho brain have only been subjected 
to detailed study comparatively recently and any classification is 
necessarily to some extent provisional. Tho following forms are 
encountered : 
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They Uiualh ocvuf alnnellielcotonum. They fonii .1 lohitUti^l ioaf* 
coniotin,; of fnnll and Ur^' »]kUT« mntaii.Iiiji hh«a3. Tli'-i arr 
uliMttil in the white matter of the lmnh{>li(rt-ii<rtn thoU»».i!jaJ'.^!u 
and liaio no ronneuon with the uicnuvca Mirm^.ciuiaily thry 
coniial o1 cavrniuu* ant^ cajufbrr cioct-a. tie walL* of uhhh im 
conijx)s<il of colb^-n hn€>l with a Miyle layer of cmL-theliil trJU. 
Kiccjitioiully a cartnuiiw haciiuii^uma may l*j A*«jrwtpi wiOi 
abnciniiahtuncUcnhcnj in the Uaiy, for exam jile, cy»l» m the FUjim- 
renal and kidney ami »ulKUt4i>ri>ua !uii-niiiigioiuas> (D. S llux-e-ll) 
3. The AnjtM-i*ivmaf. The angiublaatuinaa oro Iniiiour* whuij. 
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according to Cushing and Bailey, are composed of angiohlasts, 
the primitive cells which normally form the foetal blood-vessels. 
They usually consist of vascular clianucis and spaces with sparse 
intercapilJary tissue containing swollen fat-laden endothelial cells 
They exliihit a marked tendency to form cysts in the surrounding 
nerve-tissue, the cyst containing xanthochromic Uuid uhich is 
probably an exudate from the vessels of the tumour. The cyst may 
bo large and the tumour a small nodulo in its wall, which must be 
excised if the cyst is not to refill. Tho angioblastomas are almost 
invariably subtentorial tumours, though two examples have been 
observed above tho tentorium (Barnard and RocLat). They are 
usually single, but there may bo multiple growths in the cerebellum 
or in addition to a cerebellar tumour a tumour m the medulla or 
spinal cord An important feature of tho angioblastomas is their 
frequent association with abnormalities in other parts of the body. 
The most important of thoac, because the most easily observed, is an 
angioblastoma of tho retina (von Hipitcl’s disease). This is a small 
tumour usually situated in tho periphery of the retina and supplied 
by ail enlarged artery and vein. Secondary proliferative changes in, 
and rarely even detachiucnt of, the retina may render it dillicult to 
recognize Other abnormabtics wluch may co-e.xist are cysts of tho 
jiancrcoa and kidneys and hy|)crncpliroinas of the kidneys or the 
suprarenal glands. Tiie coincidence of these abnormalities is know n 
as Lindau’s disease and is fainibal in about 20 per cent of cases 

Hypophyseal Epidermoid Tumours. 

These tumours are alw described as tumours of the cranio- 
pharyngcal, or Rathke's, poucb and adamantinomas. In order to 
understand their origin it is necessary briefly to review tho develop- 
ment of the pituitary gland in tho embryo. 

The pituitary develops as a result of fusion of an evagination of 
tho ectoderm of the stomodaeum with a process which extends 
downwards from the floor of tho forebrain. Tbo former loses its 
opening into the mouth cavity and becomes a closed sac from which 
are derived tho pars anterior and the pars intermedia of tho pituitary. 
The process from the forebrain forms tho pars posterior and the 
infundibulum. Thoremnantsof the eramo-pharyngcal pouch remain, 
and, owing to rotation of the developing gland, come to lie anterior to 
tho infundibulum and at the upper angle of the pars antenor. They 
may also bo found within the sella turcica itself. 

Tumours arising from these embryonic relics show characteristics 
resulting from their origin in the stomodaeum. They contain cells 
resembling those of the buccal epithelium of the embryo, including 
the ameloblasts of the embryonic enamel organ. These tumours 
Q 
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arc very liable to un<lergo cjstic degcncmtiou and talcification and 
may even develop bone. They usually arise abo^e the sellar dia- 
phragm, but occasionally \ritlun the sella itself. 

Pituitary Tumours. 

The common pituitary tumours are adenomas. Tlie commonest 
of these 13 the chromophobe adenoma, compo.-rf>d of cells uhith 
sometimes show alveolar fomiation and resemble the chromophobe 
cells of the normal gland, so-called on account of the nh^Micc of 
aodophil and basophil granules in their c>-toplagm. The endocruio 
disturbances associatetl with chromophobe tumour are tho .-(0 of 
'hypopituitarism*. The chromophil adenoma is composed of cells 
resembling the acidophil cells of the normal gland. It sometimes 
undergoes cystic degeneration, and gives rise to symptoms of hy^wr- 
pituitansra — gigantism and acromegaly. The basophil adenoma is 
microscopic in si 2 e and does not give rUe to pressure symptoms. 

The pituitary adenomas arise nithlo the scILa turdca, which they 
expand, and later may |>as3 through the sellar diaphragm and atlaln 
a considerable size, compressing the structures at tho base of the 
brain 

Adenocarcinoma of the pituitary is a rare, rapidly grouiiig tumour 
ubich gi\c.3 rise to metastascs. 

The occurreaco irithm the sella turcica of n)ctasu.«e8 from extra- 
cranial tumours is rare and has been mo»t frequently recorded in 
cases of carcinoma of the breast. 

Cholesteatoma. 

The cholesteatoma, or ccrcbro-spinal epidermoid, is a rare tumour 
of adult life uluch affects males more frequeutiy than females. It 
IS regarded as a foetal epithelial inclusion and is most Ircquenth' 
found ID the subarachnoid cisterns at the Ixu^ of the brain. Those 
nnsing below the tentorium, a common site, may be situated either 
in the cercbcllo-i>ontinc angle or in the middle line on the ventral 
aspect of the cerebellum and within the fourth ^ cntricle or in the tem- 
poral Ixme The naked.cycapi«arancoofthe tumour in the fresh state 
w higbl} cliaractcristic. It js jKorly white, smooth, and glistening, 
Gnii but brittle. MicruscojHcally a cholesteatoma is comi>asetl of 
several Ujere, of which the most chamcterislic — the stratum 
granulosum — consisting of several rows of laj^e, finely gninular 
cells, probably corrcsponils to the dermis. 

Pinealoma. 

Tumours of the pineal gland arc tare. Tlie commonest form con- 
Uiiiis two Ijq>c3 of cell, a Urge cell with a clear c^-topUsm and smaller 
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cells resembling small lymphocytes. Glial cells may also be present 
in the tumour. Teratomas sometime originate in the pineal body. 
Greenfield has reported a pineal tumour ui which in addition to the 
two types of cell just described epitUehal cells and keratm were 
present. 

Colloid Cysts of the Third Ventricle. 

These are rounded cystic tumours measuring from i to 3 cm. in 
diameter and arising from the choroid plexus They are lined with 
ciliated epithelium and contain thick glairy fluid or gelatinous 
material. Owing to their position they readily cause hydrocephalus. 
Papilloma of the choroid plexus may also occur. 

Rare Fomis of lutracrantal Tumour arc chordomas; osteomas, 
arismg from the inner table of the skull , primary sarcomas, especially 
chondro-myxosarcomas . anil lutracraiuai dermoids 

Chordomas are tumours denved from remnants of tho notochord. 
Within the skull they aro found in the region of the spheno-occipital 
synchondrosis. 

Metastatic Tumours. 

About Olio in tw enty cerebral neoplasms is secondary to a primary 
growth clscvrhero, usually' in the lung, breast, stomach, prostate, or 
pancreas Tho lung apjicars to be the commonest source of metastatio 
cerebral tumour and not infrequently tho symptoms of the cerebral 
grow th are more conspicuous than those of the primary Secondary 
cerebral carcinomas are usually multiple and rapidly grow ing. Hence 
the history of symptoms is usually short. They are pinkish, rounded 
tumours, well defined from the surrounding hrain tissue. An im- 
portant rariety of secondary carcinoma within the skull is con- 
stituted by a group of cases in which the tumour cells mfiltrate the 
dura at the base of the skull and spread into the Icptomeninges and 
the bones of the base. This couditiou is sometimes desenbed as 
carcinomatosis of the meninges and may lead to subdural haema- 
toma. Many’ ofthe cranial nerves are often compressed or infiltrated. 
Tho pituitary gland may be invaded and the tuber cinereum com- 
pressed, leading to metabolic and endocrine disorders. In such cases 
metastatic deposits may be present in the uppermost cervical 
lymph nodes. Secondary sarcoma of tho braui is much rarer tlian 
secondary carcinoma. 

Tumours of Infective Origin. 

Tuberculoma. 

Tuberculoma of the brain appears to be much less frequent than 
a generation ago, w’lien it was regarded as one of the commonest of 



223 HYDROCEPHALUS AND IXTRACUAXrAL TUilODR 
intracranial tumours. Cerebral toberralomas are more frequently 
subtentorial than supratentorial and rary in size from small nodules 
up to large masses %rbicb may occupy more than one lobe of the 
brain. They are usually at some point subjacent to the pia mater. 
There is a yellow caseous centre surrounded by a pinkish grey outer 
zone Microscopically cerebral tuberculomas show the features 
cliaractenstio of tuberculous lesions elseufaere. The caseous centre 
IS surrounded by a zone containing giant cells and epithelioid cells 
and \essel3 showing endartenfis. Outside this area iniiltration uith 
compound granular corpuscles and fibrosis is conspicuous. 

Gumma 

Gumma of the brain is extremely' rare. It is generally connectwl 
uith the meninges, probably arising as a circumscribed iwtch of 
gummatous meningitis. Its pathology is described in the section on 
cerebral sj’philis. 

ParasiUe Cyit4 

Intracranial hydatid cysts are rare even in countries In uhich 
hydatid infection is common, the bram being infected in only 
5 per cent, of cases (Brailsford). They may be single or multiple. 
They sometimes occur outside the dura, and in one patient ulioin 
I saw an extradural collection of hydatids eroded the fl'ontal bone 
and some cysts were extruded through the scalp^ 3Iore often the 
cysts, which frequently attain the size of a hen’s egg, occupy the 
substance of the cerebral bemLpberps or lie irilhin Uio >cntriclc3. 
Cj'sticercus celluloaoe occurs more frequently \nthin the skull tlian 
the hydatid cj'st. Oysticcrei are usually muItiplD and may bo jircsent 
in very large numbers. The cj sts, which are generalJj’ about the size 
of a pea, are irequently found in the subarachnoid space, and the 
cerebral cortex may be studded tritb them. They may also occur 
in the region of the basal ganglia and within the ventricles. It is 
stated that sudden death may be caused by a cysticercus wit hin the 
fourth ventricle. Both types of parasitic cyst may be found in otiier 
parts of the body, where their presence affords confirmation of the 
nature of the intracraniai lesion.* Hj'datids arc likely to he found 
in the liver, lungs, pcntoneal cavity, or bones. Cysticerd may be 
present in the subcutaneous tiasn^ or muscles, as rather bard, oval 
bodies, about the size of apes. Rarely injection oI the brain iritb the 
ova of Schistosoma Japonicum may cause tumour-hke masses. 

PaTKOLOGicat Pm-siOLoor 

The functions of the brain depend upon the maintenaoco of the 
circulation of the blood -and' of the terebro-siiinal fluid at their 
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appropriate picssiirea. The brain is unique among tbe viscera m 
being confined uitliin a ngid box, the cranium. It foUows tJiat 
tlie total volume of the intracranial contents, tho brain and its 
covermgs, tbe blood-vessels and tho blood, and tlio ccrebro-spinal 
fluid is constant, and that an increase in the volume of any one 
of them can only occur at the expense of the others. The intra- 
cranial contents, however, do not respond passively to changes m 
their volume or pressure, but react in complicated w ays, so that any 
such alteration has far-reaching consequences. Four factors whicli 
inllucnce tho intracranial pressure require consideration — the mass 
of the brain, the circulatory sj'stcm, the c'erehro-spinal fluid, an<I tlie 
rigidity of the skull. 

The Mass of the Brain. 

An intracranial tumour usually Increases tho mass of the brain, 
though in tho case of certam slowly growing infiltrating tumours 
tlie increase in mass may be wry slight, with the result that symp- 
toms of increased intracranial pressure are slight or absent The 
direct local effects of the increased mass of tho brain produced by 
a tumour play a comparatively small part in raising intracranial 
presauro. Owing to the partial division of the cranial c<vvjty into 
compartments by the falx and the tentorium, tho local rise of 
pressure is to a considerable extent limited to the cranial compart- 
ment in which tbo tumour arises and is exerted upon the overlymg 
area of skull and dura mater and neighbouring dural processes, such 
as the falx and tentorium. ^ 

The Cerebral Circulation. 

Disturbance of tho cerebral circulation produced by an intra- 
cranial tumour contributes both directly and indirectly to the rise 
of intracranial pressure. Tho vascular channels first compressed 
are naturally those in which tho blood-pressure is lowest, namely, 
the veins and venous sinuses. Compression of vems in the neighbour- 
hood of a tumour causes oedema of surrounding nervous tissue and so 
adds to the local nso of pressure. It also causes a diversion of the 
venous blood-stream into other channels, and this leads indirectly to 
a general rise in intracranial venous pressure. This tends to increase 
the formation and impede the absorption of cerebro-spinal fluid 

The Cerebro*spinal Fluid. 

Besides causing increase in tho prerauro of cerebro-spinal fluid 
through the disturbance of tbe cerebral circulation just described, a 
tumour may lead to hydrooephalus by obstructing the circulation 
of tho fluid, as desenbed in the section on hydrocephalus. 
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Tlic Rigidity oi Uic Skull. 

In the adult after ixmon of the cranial sutiirea tlio skull is ngid 
and unjielding, and bj’ prcs>cr\-ing the volume of the intracranial 
contents constant is responsible for the far-rcatliing effects of a 
disturbance of the intracranial pressure. In the child the non* 
union of the sutures jirovidea a partial safety* ViOlve and allows of 
some expansion Hence a marked rise of intracranial prcasiue in 
childhood leads to separation of the sutures, and the skull yields 
a crarked.pot bound’ on jicrcussion. Some relief of the pressure 
results and other signs of raised iiitraimnial pressure are often 
slighter in childhood than in later life. 

Mode of O.ssct 

The rate of onset of symptoms depends upon tho nature of the 
tumour and is slowest in (ho case of astrucy tomaa and meningiomas, 
and moat rapid in the most malignant gliomas nml in secondary 
carcinoma In tho first two, epilepsy may precede otiicr syiiijitoms 
by many years; in tiio last two cither progressivo focal synijitoms 
or symptoms of increasing iiitrucranial prosMire, or both, dciulop 
in a few months. Rarely the onset is n|>o]>!cttifonti. 

Gesliul Symptoms 

Tho symptoms of an intracranial tumour ore com cnlcntly dh ided 
into general symptoms attribulahio to increased intracranial 
pressure, and focal syinpioms which are due to tho local effects 
of the growth. It might bo expected that foc-al symptoms would 
nri-« before a tumour was largo enough to disturb tho intracr.'Uiinl 
jircs-suro Jloro freijiicntly, hoHc\cr. tliercvcrho is tho case, and tho 
general symptoms often indicate tho presence of a tumour which it 
IS by no means cosy to localize. Headache, papillocdciiia, and vomit- 
ing may Iw described as Ibo cln-sbical triad of ay mptoms of increased 
iiitmcrama! pre>-.surc, but they aro not found with equal frequency'. 
In one senes he.'idaclio was present in bS |s?r cent., papilJo^deiiin in 
".*> j>er cent , and v omit ingin Co fier cent, of cases of c-erebral tumour. 
All thrc*o wero found together in only CO per cent. It is clearly un* 
iiecc,ss.iry t liat all, or indeed any, of theso symptoms should be jirescnt 
jjj nrdi-j* lo dif^wfbtf *jj if>}7»rj3i.vi9) ttuxew. 

JJriiJacJie. Tho lioadacbc of intracranial tumour is probably' 
mainly due lo abnonual stales of tension in tho (crcbral bluiHl- 
vejv-rf^lt (Xorthfield, 193S). It is jHiraxysmal, at least in (ho earlier 
Btages. It is often descnbctl os a throbbing or a ‘bursting* |i.un. It 
occurs chielly iluring the lught and in the early morning. Often Iho 
lintieiit awakens with a hcailaeho which lasts from a few uiiiiutcs 
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to a few Iioiirs and tlien passes off, to recur the next day. With the 
gradual enlargement of tlio gronth tlio headaches tend to become 
more prolonged and may ultimately bo continuous. They aluays 
tend to bo intensified by any activities Aviiich raise the intracranial 
jiressure, such as exertion, excitement, coughing, sneezing, vomiting, 
stooping, and straining at stool. They may be influenced by posture, 
being n orsc h hen (ho patient is Ijing don n, or lying upon one side, 
and may be relieved by adopting a sitting attitude. 

Owing to the early occiurenco of a diffuse rise of intracranial 
pressure in many cases of cerebral tumour, headache is of littlo 
localizing significance The pain due to the local pressure of the 
growth may ho predominantly unilateral, on the side of the tumour, 
and is often associated wHli tenderness of the skull on percussion 
over a limited area overlying it In the case of subtentorial tumours 
the heatlache in the early stages may l>6 mainly siiboccipital, with 
a tendency to radiate dow n the back of the neck. As the intracranial 
pressure rises the headache tends (o bo diffuse, and hydrocephalus 
may lead to paroxysms of severe diffuse pain radiating down the 
nock and sometimes associated with head retraction. I’rcssure upon 
the trigeminal nerve leads to umlntcra! pam, most commonly 
following the distnbutiou of the first division and associated with 
hyperalgesia or analgesia over the same area. 

Pa2>0}oedema The patliogenesis and appearances of ]>ap)]Iocdc;))a 
are described on p. 137. Its incidence vanes according to the situa> 
tioii of the tumour. It is almost constant in tumours of the cere- 
bellum, fourth ventricle, and tcmporo-sphenoidal lobo, but is absent 
m half the cases of pontine and subcortical tumours It is usually 
late in developing m the case of prefrontal tumours, and is often 
more severe with extracerebral than with intracerebral growths 
Cerebellar tumours cause papillocdema of the grciVtest severity, 
sometimes amounting to 7 or 8 dioptres of swelling. A slight differ- 
ence m the degree of sw clling of the two optic disks is not uncommon, 
but is of no value as an indication of the situation of the tumour. 
A tumour arising sufficiently near the optic foratoien to cut off the 
subarachnoid space of the optic nerve from communication w ith the 
cerebral subaraclinoid space causes primary optic atrophy without 
papillocdema. 

The clumgea ia Uwj visual fieltlk dun to papUloedema coivs,\at of 
enlargement of the blind spot with concentric constriction at the 
periphery of the field. Visual acuity deteriorates, and if the condition 
progresses optic atrophy and complete blindness are likely to result. 
Patients with papillocdema arc liable to brief transitory attacks of 
blindness which are probably duo to a temporary increase in the 
obstruction to the venous drmnago of the retina. 
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Yomiling. Vomiting, Tihen doe to intracranial tumour, usually 
occurs during the night or in the early morning nhen the headache 
IS especially severe. Though sometimes, especially in children, it is 
preened b5' little nausea, there is no ground for tlie belief that 
vomiting of cerebral origin is always of this precipitate cliaracter. 
The relationship of the incidence of vomiting to the site of the tumour 
suggests that this symptom is probably an indication of ventricular 
distention 

Bpikpliform ConvuUiona. Generalized epileptiform convukions 
may be a symptom of mcrcased intracranial pressure, c g. in hydro- 
cephalus, but it is often impossible to deiride whether the convulsions 
are due to the increased pressure, or are local effects of the cerebral 
tumour responsible for it. 

Apfiatia ilild degrees of aphasia, especially difScuIty in naming 
objects, may be produced by increased intracranial pressure in the 
absence of a lesion involving the so-called ‘speech centres'; for 
example, lo ca^ of cerebellar tumour. 

rertigo Vertigo, when a symptom of increased intracranial 
pressure, is not often a subjective sense of rotation, but inore 
fref^ucntly a feeling of unsteadiness, with a tendency to fall on 
stooping 

DiHurlaneej of PuUe-ralt and Stooit-pressure. An acute or aub* 
acute nse of intracranial pressure, such as that due to intracranial 
haemoerbage or meningitis, often causes slowing of the puLse-rate, 
usually to lietween 30 and 60 beats a minute. If the preaauro con- 
tinues to increase the pulac becomes extremely rapid. In either case 
It may be irregular. A gradual increase in the intracranial pre.vsute, 
such as that due to an intracranial tumour, docs not usually cause 
bradycardia, but moderate tachycardia is not uncommonly found in 
cases of subtentorial tumour. 

A rapid nsc of mtracranial pressure usually causes a rise of blood- 
pressurc Thus in iulracraiual haemorrhage a progressive rise of 
blood-prescure probably indicates that the bleeding is continuing. 
Chrome rise of intracranial prcesure iloes not have this effect, and 
m patients with intracranial tumour, especially when the lesion is 
below the tentorium, the blood-pressure is often subnormal. 

liesptralonj Bate. A gradual rise of intracmnial pressure does not 
at first affect the respiratory rate A. cUr of sufikiEnt taphlii.y oAvi 
severity to produce loss of consciousness usually' leads at first to 
slow anti deep respirations. Later the inspiratory rale may become 
irregular, e g of the Cbcyne-Stolcs type, in which periods of apuoea 
alternate with a series of respirations which wax and wane in 
unphtutle In the terminal stage of a faUl increase of intracranial 
[ircssure the respirations arc rapid and shallow. 
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‘ Ilypopitintarism.' Any «itato of increased intracranial pressure 
associated with internal hydrocephalus may lead to symptoms of 
‘hypopituitarism’, namely adiposity and genital atrophy. This is 
duo to don ii« ard pressure of the floor of the distended third ven tricJe, 
wlncli may erode the clinoid processes and diapbragma scllae and 
compress the pituitari’ gland Tlieso symptoms commonly arise in 
cluldren and are most fretpiently seen in cases of cerebellar tumour. 
It is not easy to say w hetlier they should bo ascribed to compression 
of tiio bypotbalamus or of the pituitary gland itself Possibly botli 
are in part responsible. 

lladiografiby of the sl»ull in such cases sliows erosion of the 
cbnoid processes and slight general culaigcment of tbo sella turcica. 
Tins group of symptoms, if luisintcrpcctcd, may lead to the erroneous 
diagnosis of a pituitary or sujirascllar tumour 

So»iJiole?ic€. I*crsiatent somnolenco is seen wlien hydrocephalus is 
pronounced and with tumours near the hyiJothalamus. Narcolepsy 
is uncommon. 

Glycosuria. Glycosuria is occasionally encountered, sometimes 
with hyiierglycnemia, moro often with a normal blood-sugar and a 
lowered renal threshold. / 

Menial Symplom The most varied mental symptoms may bo 
associated w 1th increased intracranial pressure If the pressure rises 
su/fleiently’ Jiigh all mental activity is siib|>cndcd in coma, and the 
moro rapid the rise the more likely u (his to occur. An acuto or 
subacute riso of pressure insuthcicnt to produce coma usually leads 
to mental confusion with disonciitation in space and time Chronic 
riso of intracranial pressure may lead to progressi\o dementia, with 
a failure of intellectual ctipacity, emotional apathy, carejessnoss w itli 
regard to the person, and incontincnco of the sphincters. Or the 
mental stale may rather bo ono of confusion, irith disorientation 
and hallucinations. Less frequently, marked disturbances of emo- 
tional mood are conspicuous, and tbc patient suffers from outbreaks 
of excitement in winch ho may bo violent, or from depression in 
wliich lie may bo suicidal. In tiie mildest cases some inipainncnt of 
ineuiory and of po\\ er to concentrate, witli irntabjhtj', may bo the 
only mental symptoms. 

In cases of intracranial tumour mental sy-mptoms are most lilvcly 
to occur when tlie tumour is situated in the frontal lobe or corpus 
callosum or leads to a considerable degree of aphasia , but they 
may bo produced by a tumour in any situation which causes a rise 
of intracranial pressure. Thus any of the mental disturbances 
described may be produced by a tumour of the cerebellum. Mental 
sy inptoms as aresult of mcrcasedintracnmial pressure are more likely 
to occur in the middle-aged and elderly than in younger patients. 
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False Localizing Signs. 

Collier first drew attention to tlie imjwrtanu! of s> ujjit onis, especi* 
ally ctamal nerve palsies, produced by mtracranial tumours in other 
waj s than by direct compression. Smc« these, iinlc.-^ pfO]rerly inter- 
preted, may lead to mistakes in localization, he Icrined them ‘fal.-o 
localizing signs’ A sisth-nwxe pal^'onone or both sides, and, les.9 
frequently, a third-nerve palsy, may be thus produced and ha% e l>ecn 
variously attributed to stretching of the nerves, to their compression 
by artenea, and to other modes of interference with their function 
resulting from displaccnient of the cranial contents. Other faKo local- 
izing signs mcludfi bilateral cstensor plantar responses or bilateral 
grasp reflexes resulting from interference with the function of the 
cerebral hemii-pberes by distension oflbcventridea in hjdrotcpbalus; 
‘hj popituitansm ’resulting from hydrocepbahis, as alrcadydc-'cnbed; 
an extensor plantar response occurring on the same side as a tumour 
of one cerebral hemisphere produced by compression of the opjvObite 
cerebral peduncle against t bo tcnionum; cerebellar symptoms result- 
ing &om tuQioura of the frontal lobe, and mldbrain sy inptoni», especi- 
ally fixed dilated pupils, produced byatumouruf the cercl>cl]arTcrmis. 

Examination of the Head. 

Examination of the head may yield Important information in casea 
of intracranial tumour and should never bo neglected. There may lie 
nsible enlargement nhen hydrocephalus develops before the union 
of the cramal sutures. In such cases se}>amtic>u of the sutures may 
yield a ‘ crackcd-pot sound ' on percussion. Local tenderness of the 
skull may be present in the region overlying the tumour. A bony boss 
may overhe a meningioma (Fig. 36). ^'enou3 conge«tion of the scalp 
13 a not uncommon result of increased intracratiial pnj«*ur© anil is 
most evident m children. Wlicn there is a markeil rise of intra- 
cramal pressure with separation of the sutures, extreme venous con- 
gestion of the scalp occasimially' occurs. Congestion and tortuosity 
of the arteries of the scalp are someluncs associated iiith a vascular 
intracranial tumour, especially a meningioma or an angioma. Such 
arterial congestion is usually confined to the side of the tumour and 
IS often mo»t evident in the superficial temporal artery. An audible 
bnut should be sought by auscultation. It is most frequently 
present oi er an arterial angioma, much lc»3 frequently over a highly 
vascularizeh meningioma, very rarely' in flie prc.scnce of an aneurysm. 

Facial naevus may be associated with venous angioma, retmal 
angioblastoma with angioblastoma of the cerebellum, and cutaneous 
pigmentation with nemofibromatosis. 

Attention should be paid to the presence or absence of exoph- 
thalmos. 
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Accessory Methods of Int estimation. 

Jtadiofjrnphy 

Not many yo.irj ago it was bebered tliat radiogrnpliy of tlie skuIJ 
could throw little light upon tho loeaHr^tioii of an intracranial 
tumour. Now, hoiuncr. it is recognized to bo an indispensable 
method of investigation, ami in every b(i.Hpcclcd ca.se stereoscopic 



Fra. £7. Cjfttic cp«knno«l tumour SHal nit?i oir urccr ciodiiig 

sulla turcica uud ruptun> uito spltcnoidiil einui. 


lateral, antcro-postcrior, and postcro-antcrior views siiould bo taken, 
and other })osition9 may b© valuable. Kadiographic examination 
of the skull may reveal abnornialiticH in the bones, culcilication in 
tho tumour, or disjikiccmcnt of the pineal body. In selected cases 
further radiograms may be taken after tho injection of air into the 
cerebral ventricles, ventriculography, or into the spinal subarach- 
noid space, oiiceplialograpby. Tho cominoneat abnormality observed 
in tho bones of tho skull is a general erosion or ‘convolutional thin- 
ning’ (Fig. 20). The radiograms show many rounded areas of 
rarefaction, sometimes described as ‘finger-printing’ or a ‘beaten 
silver’ appearance The rarefied areas aro produced by tho pressure 
of the summits of the gyn. Convolutional thinning is an indication 
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of a considerable generalized rise of intracranial pre.ssuro- A .some- 
what similar appearance U normal in children and may persist up to 
the twenty-fifth year. Separation of the sutures may bo seen w hen 
a rise of intracranial pre.^sure occurs before the age at which these 
unite It is most coimaonly seen in childhood. Local erosion of the 
bone is most frequently seen in the region of the skull superficial to 


a meningioma. Around the m>ded area new bono- formation occurs, 
often taking the form of spicules, jicrpendicular to the vault, and 
surrounding this there is frequently a network of dec|)ened vascular 
channels in the bone. The petrous portion of the tenqwral bone 
may be eroded by an acoustic neuroma which may lead to unilateral 
enlargement of the internal auditory meatus. Bony dianges in the 
region of the scUa turcica are produced not only by tumours of the 
pituitary gland itself and those arising in its noighbourhood, but 
also by a general increase in the intracranial i)re!>sure. Pituitary 
tumours cause aumfonft espanaon of the wlla turcica v,-ith thinning 
of its walls. The ballooned sella projects downwards and forwards 
into the sphenoidal sinuses, and the upward pressure of the growth 
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limy crtKio tbo cltiiokl jiroccsscs. Tiimoura arising otitsido the sella, 
blit iiiiriKHiiaU'ly iibo^ e it. cause rrobion of tlio clinoui processes anil 
ilatteiiing of the sella, \eliich is not, howexer, uniformly enlarged 
unless iiixuded by (ho tumour (Fig. -7}, while (ho ilowiiwanj 
pressure of tho tloor of the distciulrd tliinl ventnelo in internal 
hxdmcephalus results iii u very' sitnihir r.whographic npj>earunte. 



Fid 20. Fxtciisno cotciticAtion ui an otigtxlomtrogtionm bitiialoit in tfio loft 
lominiru-iMtnotAl region. Tlie conivliitional iiuirlungs iliio tr> iiioi'CiusmI iiitru 
crAiiml jirv~uirw <m<l ilio enlargement of (U« jnUulao’ fosca uro will scon. 

(Itailiogmm )>y Dr. Jupo ) 

Calcilication is most frequently observed in cysts of tlio cranio- 
plmryngeal jiouch, in which it is visible as a radiographic opacity in 
7t> per cent, of cases These tuinoiirs may exhibit on tins X-ruy iilm 
merely a few opaque flecks, or n mass the size of a hen’s egg. 

(]a(ciflcatioii is common also m tho angiomas, which may present 
u characteristic convoluted np|icaranco due to tho deposit of calcium 
in the walls of tho vessels comjiosuig tho tumour (Fig. 28). 3femn- 
gioinas also sometimes show calcified areas, and these may bo 
encoimtcrcil, thougii less frequently, in gIionia.s (Fig 20), teratouuis, 
tumours of tbo choroid plexuses, and tuberculomas. 




Fic 31. The left Ut«ral leotncte utlepresiie'i and cncrooc-licd on by u 
left parietal tumour (gUoblostonia). (Uodio^uta by IJr. Jufie.) 


and by this means air may be induced to enter not only the cerebral 
ventricles but also the cerebral subarachnoid space. Ratliograiihy 
after the lumbar injectwn of air is known as enceplialography. It 
is more liable to cause headache than ventriculography, and it is 
eontra-mdicated when the intracranial pressure is very high and in 
all cases when a subtentorial tumour is suspected, on account of the 
nsk of herniation of the medulla into the foramen magnum. It is 
mdicated as a substitute for ventriculography in suspected cases 
of tumour or atrophy of the cerebral hemispheres and in other' 
conditions when it is desired to demonstrate the patency of the 
foramina of Luschka, or the presence of abnormalities in the cerebral 
sub-arachnoid space. 
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TJio patient should ho gt\'CQ a jireliminarj' injection of niorpiiine, 
gr. 1/Gth, and scopolamine, gr. l/200tli or a genoial anaesthetic. 
Lumbar puncture w performed in the usual way with the patient 
seated in an upright i>nsllioii. A two-way needle, to which a mano- 
meter can Ikj attached, fJiould bo used. Ten c.c. of spinal tluid 



>'iQ. 3J. I^argo inisal ganglia tumour tismg from tho floor of tlio right 
vcntnilo mill l>artly filling its lumen. Tlio uholo ventricular Bjbtciii 
H iljjiplttCei! B»ay from tlioswloof tliokauoii. (Rwliogram by Dr Jujw.) 


are withdrawn and replaced by the- injection of air. A further 
quantity of tluid is then withdrairn and more oir is injected, tho 
pressure being niamtained at about 150 c.c. of fluid. During tho 
injection the head is hold with the neck slightly flexed when it is 
desired to fill the ventricles and cxteudeil when it is desired to fill 
tho subarachnoid space. It is usually possible to introduce about 
100 c.c. of air, and radiograms ate taken and interpreted as after 
ventriculography (Fig. 34). 

Indicalions/or VeJilriculograpky and Enceplialogiaphy. Neither of 
these xirocedurea is devoid of risk, and fatalities have been reported. 
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Tiiey are only to Lo recommended, therefore, -when neither clinical 
investigation nor simplo radiography ijaa rendered possible tlio 
localization of a suspected intracranial tumour. Even in such cases 
ventricular estimation may demonstrate that tho tumour is probably 
hubtonforial, in uliiclj case ventriculography uoiild probably yield 
no further information. Wlien a supratentorial tumour is suspected 


Z'lU. 35. Arterial angioma in pOTicto-occipitol region: angiogiapliy Mith 
thorotrost. 


and clinical data arc inadequate for localization, ventricular estima- 
tion may indicate in uhich hemisphere tho tumour is situated, but 
ventriculography may cnahlo it to ho localized exactly. As already 
mentioned, ventriculography is possible uhen encephalography is 
contra-indicated. When either is applicable, the ciioice is a question 
of convenience. 


Arterial Enceplidiog)aphy. (Cerebral Angiography) 

Moniz has devised a method of uivcstigating radiographically the 
distribution of tlio cerebral arterial supply, radiograms being taken 
immediately after the injection into the «)mmon carotid artery of 
thorotrast, a solution opaque to X-raj-s. It may thus be possible to 
demonstrate abnormal vascularity m an aneurysm, angioma (Fig. 35), 



244 HYDROCEPHALUS AXD IXTIUCRANLiL TUMOUR 
vascular glioma, or meniogioma, or tlio ilLplacement of cerebral 
arteries by an avascular tomour. Tie procedure, hotreier, is not 
without and it can only be justified in those rare cases in which 
localization of a tumour has proved tmpossiblo both by clinical 
methods nml by ventriculography with air. 

EleclTO-cnuphalographj. 

Electro encephalography may jneld localizing evidence of a tumour 
m the shape of a focus of large delta w-aves corresponding to the site 
of the growth (Walter, 1936-7, 1938). 

The Cerebro-gpinal Fluid. 

Lumbar puncture should be carried out wit !i caution in suspected 
cases of intracranial tumour when there is a marked rise of intra- 
cranial pressure, especially when there is reason to suspect that the 
tumour IS in the (lostenor fossa. In such cases the rapid withdrawal 
of cerebro-spinal fluid from (be lumbar Kuliorachnoidspacc may cause 
the medulla and cerebetfat tonsib to be driven downwards into thu 
foramen magnum, forming the t^o•called 'cerebellar pressure cone', 
with possibly fatal results. There is httle risk, however, if tlio fluid 
IS allowed to escape extremely slowly. The pressure of the cerebro- 
spinal fluid should be detenninM in all cases by manometry, as it Is 
frequently raised above normal and may be ns high as 300 to 1.000 
mm of fluid. Usually tho nse of pressure of the cerebro-spmarfluid 
IS proportional to the seventj* of the signs of mcrcasnl intracmnial 
pressure. The protem of the cerebro-spinal fluid may be normal but 
not uncommonly is above normal, though it is not usually higher 
than O'l per ceut. In some ca-ses, however, it may bo considerably 
above this figure and highly albuminous xanthochromic fluids are 
occasionally observed. A great increase m the protein content of the 
fluid seems most liLely to occur when the tumour is in the neighbour- 
hood of the ventricular system. It is not uncommon in tumours of 
the corpus callosum, but has also been observed in cases of acoustic 
neuroma. The cell content of the fluid is usually normal, but a slight 
mononuclear pleocytosis may bo found when the tumour is closely 
related to the meninges. Exceptionally, tumour cells exhibiting 
active mitosis are found in the fluid. The glucose and chloride con- 
tents of tbn duhi are usually unzmoL ozvi tlvios U i/s. itMintevst’A 
change in the colloidal gold curve. 

Focal SvunoMs 

Frontal Lobe. 

(i) Prefrontal Tumours. By preirontal tumours are meant tumours 
confined to that part of the frontal lobe Ijing anterior to the pro- 
central convolution. Tumours m this region ore often hard to 
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localize. Hcadaclio as a rule occurs early, but papilloedcma and 
vomiting usually develop lato and may bo absent. As w e have seen, 
mental symptoms may occur ■witb a tumour in aJiy situation, even 
below the tentorium. There is evidence, how ever, tliat they are more 
likely to occur w lien the tumour is in the corpus callosum or frontal 
lobe tiian when it is elsewhere. Moreover, in the absence of otJicr 
localizing signs the development of mental 8ymi>toni3 before .signs 
of increased intracranial pressure favours a frontal localization The 
mental disturbance is a progressue dementia, of which the cliarac- 
teristic feature is a defective grasp of situations as a w hole, a failure 
of the sjiithctie function of tliought. Jn more severe cases the 
patient’s intellectual capacity suffers more seriously. Ho becomes 
stupid, fails to appreciate the gravity of his illness, is careless of 
his dress and appearance, niid deveIo|>s incoiitinciico of unno and 
faeces without exhibiting any bcuso of impropriety. Such patients 
are sometimes jocular and facetious and repeatedly make Bimple 
jokes or puns (Witzelsuclit). Imtabihty of temjier and depression 
are nob uncommon. 

Generalized convulsions occur in about 50 jicr cent of cases When 
the tumour is situated near the base the patient may experience an 
aurn associated witli sjiccch Ho may feel os if lie wishes to speak 
but catuiot do so, and may actually stammer before losing conscious* 
nesss. There may bo a xciisation of something gripping the throat. 
When the tumour is situated towards the buperior aspect of the lobe 
the motor element in tlio convulsion is likely to consist of turning of 
tho head and eyes to tho opposite side w ith complex clonic and tome 
movements of the contralateral limbs. 

Catatonia is a symptom which occurs nioro frequently with frontal 
lobe tumours than with tumours elsewhere. The patient tends to 
become immobilized for some time in one attitude; or may maintain 
indefinitely an attitude into which his hiubs hax e been manipulated 
by the observer — waxy flexibility. 

Aphasia, of the verbal type, may occur when tho tumour involves 
the posterior part of the inferior frontal con\ olution. 

The grasp reflex is an imjiortant sign, when present, as it is prob- 
ably pathognomonic of a frontal lobe lesion. It is most frequently 
observed in the liand, but may be found in the foot only when the 
tumour is situated in tlie superior jiort of tlio lobe. 

A rare sign of a lesion of the frontal lobe which must not be con* 
fused with tiie grasp reflex is tonic innervation or perseveration, 
which consists of a persistence of muscular contraction voluntarily 
initiated, due to a failure of relaxation. Tonic perseveration is 
usually most evident after flexion of the fingers, but may occur after 
inoveinenta of other parts of the body on the side opposite to the 
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lesion Jluscular relaxation is dow aiul nmy not l>c complete for 
several seconds. 

Pressure upon neighbouring p>nimidal fibres may IccmI to weak- 
ness upon the opiw'ite side of the Ikm 13 ', usually most marked in the 



Fio 36 Erosion of Imiiio nin) new Imidd formation 
Icaduig to a iiony tMiaa oserijtng a lift frontiil inciiiii- 


face and tongue, and tremor may lie present in the limbs cither of 
the same or of the opposite aide. 

Pressure upon the olfactory nerve, lying tijioii the lloor of tho 
anlfiTJOj- /nsss, juay JajmJ io jmssswi svw D.w? .viitf s/ .Weisw. J.Vw 
IS most likely to occur in the ca-e of ineningiontas arising from tlic 
olfactory groove (Fig 30). Such tumours extending bntkwanls may 
compress thcoptic nerve, caudngprimary optic atrojiliy on the side of 
the lesion, while the nse of intracranial pressure causes p.ipilloedcina 
on the opposite side. Cerebellar symptoms may occur and coiiititule 
a false localizing sign 

(u) Prec€ntral Tumonra. Precentral tumours are perhaps the 
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ea'iiest to localize on account of the early (lcveloi)incnt of symptoms 
of excitation and destruction of the pjTamidal fibres. 

PjTainidal excitation finds expression in n focal convulsion, of 
which several forms are encountered. In the tyi>ical Jacksonian fit 
(Fig. J7) tlie convulsion begins with clonic movements, rarely with 
tonic spasm, in a limited aiea of the opposite side of tlie body, e g. 
tile thumb, and slowly spreads, invohing other parts in the order in 



I'la. 37. Jacksoninu convulsion beginning m 
tlio left side of tlH» face, duo to a tumour in the 
Inwor ^mibof tl>o light piccontral con\olution 


which they are represcntetl in the precentral convolution (see p 1). 
When the whole of one side of tlio body is convulsed the opposite 
side may liecoino mvoitcfl, and at this stage consciousness is usually 
lost. Partial Jacksonian attacks may occur, in w liich the convulsion 
is limited to a- small p<irfc of ono side of the body, without Joss of 
consciousness. Sucli a convulsion may be continuous — ‘epilepsia 
partialis continua’. Jacksonian attacks may' occur at long intervals, 
or with great frcfjuency, even up to several hundreds a day' — serial 
Jacksonian epilepsy. \Vhcii consciousness is not recovered between 
successive attacks the condition is described as Jacksonian status 
epilepticus. 

Jlotor woalcncss is the result of the destruction of tho pyramidal 
fibres by the tumour, and exhibits aregioiial distribution correspond- 
ing to the representation of parts of tho body in tiie precentral 
convolution. 

Owing to the large surface extent of the pyramidal cells on the 
cortex, even a largo cortical tumour is likely to cause weakness of 
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only a part of the opposite side of the body, that Is, a monoplegia. 
With inferiorly placed tumours there L? weakness of the face and 
tongue on the opposite side, often associated w ith w eakness of move- 
ments of the thumb, which is represented m the adjacent area. If the 
tumour IS at a higher level the thumb may escape, though the fingers 
and arm are affected, while a tumour involving principally the medial 
aspect of the hemisphere is likely to cau.se a monoplegia in^ olving 
only the foot or the whole lower limb. The usual reflex changes 
associated with a pjTamidal ledon are found, and such reflex ab- 
normalities may be limited to tbe paretic part. 

A tumour of the falx in the region of the paracentral lobule Is hkely 
to produce weakness of both lower hmbs, beginning in the feet, one 
bemg usually affected more than the other. Retention of unne may 
occur owing to compression of the cortical centres for the detrusor of 
the bladder ‘there may be an impairment of postural sensibility in 
the toes when the sensory area of the paracentral lobule is invohed, 

Jacksoman convulsions are usually associated with permanent 
weakness of the part of the body which is tbe focus of tlie'fit, but 
after each conimUion there Js often a tcoi]>orary extension of this 
weakness to other parts (Todd’s paralysis). Sensor^' loss is absent, 
unless the tumour extends to the post -central convolution. 

Temporal Lobe. 

The focal sjuiptonis of temporal lobe tumours arc often slight, 
espccully when the tumour is on the right side. When the lesion is 
anteriorly situated and imohes the uncinate gjTus there is often a 
very characteristic group of symptoms. This is the cortical centre 
for taste and smell, and the closely associated motor fiinctious of 
lickmg, mastication, and swallowing are also represeule*! in this 
region. Tumours of the imcioate gjTus may cause so-called uncinate 
fits which are characterized by (1) an olfactory or gustatory’ aura, 
(2) an abnormal state of consciousness, and (3) certain motor con- 
comitants. 

( i } The aura consists of on hallucination of taste or smell w hich is 
usually unpleasant "but occasionally pleasant. It may lie described 
as resembling paint, gas, acetylene, ‘something burning', or even, 
as one patient put it, tbe moidvcy house at the Zoo. There may be 
abnonnal sensations referred to the na&opharjTix. 

(2) The patient presents a dazed or dreamy appearance and 
usually stops what he is doing, but does not fall. He may have no 
recollection of the attack afterwards or he may descrilie peculiar 
disturbances of memory, for example, the ‘deja >u plienornenon’, a 
feeling that everything that is happemmg h.as h.ippcned licfore, or he 
may in a very abort tune relive in detail a large part of Ills past life. 
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(3) Involuntary licLing, smacking the lips, or tasting movements 
frequently accompany tlio olfactory or gustatory aura and form the 
motor component of the uncinato fit. 

Destruction of tlie uncinato gyms leads to an impairment of taste 
and smell on the side of the lesion, though this does not as a rule 
proceed to complete loss. Generalized or Jacksonian convulsions 
ina 3 ' also occur ulieii a tumour involvxa tlie temporal lobe. 

Visual field defects may bo produced bj' tumours of the temporal 
lobe. They are absent in at least half of all cases, but when present 
are of great localizing value. The lower fibres of the optic radiation 
are liliely to be caught in their path around tiie tip of the descending 
horn of the ventricle Tlie cliaractcristio defect is therefore a crossed 
upper quadrantic hemianopia, the loss being usually more esteusivo 
in the ipsilatcral field. Visual hallucinations may' occur and consist 
usually* of figures of people or animals comprising in many cases a 
complex scene. These hallucinations are thus more highly organized 
than those duo to occipital lesions, which usually consist merely of 
flashes of light. Although the cortical ceutro for hearing is situated 
in the iiosterior part of the temporal lobe, temporal tumours do not 
cause complete deafness in either car. though a unilateral lesion in 
this situation may lead to some bilateral impairment of hearing 
Teoi floral tumours may cause auditory hallucinations, and the patient 
may imogino that the words which he seems to hear ore addressed to 
him by A person who bnppcus to be ui the room. Left-sided temporal 
lobe tumours cause aphasia m about 50 per cent, of cases. This may 
consist merely in defect in naming objects. In more severe cases the 
patient is unable to understand spoken words and tins disability may 
extend to written words also When speech is even more severely 
disordered the patient speaks j’argon, his speech consisting often of 
a voluble outpouring of meaningless phrases and w ords of his own 
construction. Apraxia is somelirocs present. 

Neighbourhood sj niptoms include weakness of conjugate deviation 
of tlie ej’es to the opposite side, signs of a pyramidal lesion on the 
opposite side, especially weakness of the face, and tremor eitlier on 
the same or on the opposite side of the body. JIj’osis and slight 
ptosis due to conipresaioii of the ocular sympathetic may bo seen in 
the earlj" stages and may give place to mydriasis and other signs of 
third-nerve palsy. Diminution of the corneal reflex on tlie affected 
side uiaj' be t lie only evidence of compression of the trigeminal nerve. 

Parietal Lobe. 

Tlie parietal lobe is the iirincipal sensory area of the cerebral cortex. 
Sensory disturbances thereforo constitute a prominent part of the 
symptoms of tumours of this region. The post-central convolution 
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13 tlie part of tho parietal Jobo most concerned with hciibation. 
Parts of the body are hero rc]irescnted for purposea of scn^ation in 
a manner similar to tiieir motor representation in llic precentral 
convolution. From below upwards we encounter in the following 
onler tho and pharj-ni, (ho longue, the buccal cavity, the 

face, ncch, thumb, indeT, second, third, and fourth lingers, tiiu hand, 
forearm, upper arm, shoulder, chest, alxiomen, thigh, anil leg. Tho 
foci of the foot anil toes are situated at the superior border of the 
hemisphere, and on the mc<luU aspect, in tlie paracentral lobule, he 
the foci of the bladder, rectum, and genital organs (see p. 2). 

Irritation of the post-central convolution causes sensory Jack- 
soman fits which consist usually of parac«tlicsiac, such oa tingling or 
‘electric shocks’, rarely of pain, and wliieh Ix-gm in that part of the 
opposite side of tho body, corTes|>oniling to the focus of excitation. 
The paraesthesiao then spread to other j»arts in the order of their 
representation in the convolution. Such sensory’ fits may occur alone, 
or may be followed by a similar spreadmg motor discharge duo to tho 
extension of the excitation to the preccDtral convolution, m which 
case the dome convuUion often lags behind iho advance of tho 
paraesthcsiae 

A destructive lesion of the post-central convolution leads to 
sensory loss, tho extent of which correspomU in dL>tnbution to the 
extent of the cortical lesion. The sensory lo^s b of tlie cortical ty^ic, 
that u, it involves the spatial and dbciiminativo acpccuofscnsatiun, 
especially postural sensibihty and tactile di-crimination, while the 
crude appreciation of pain, heat, and cold is left intact. As a result 
of sensory loss the patient may be unable to recognize objects placed 
m his aSccted hand — so-called ‘astereognosb’. 

Post-central lesions lead also to by^iotonia and wasting of the 
afiectod parts and to both staticand kinetic ataxia. When tJie jiaticnt 
13 at rest there b often a conspicuona re^tlci^snc-aa of the affected 
upper limb, sometimes amounting to ‘pseudo-athetosis and he may 
gesticulate exaggeratedly with the affected hand. There b likely to 
be considerable ataxia m the fingcr-no&o tc.-,t — ' j^iLsory ataxia '. 

Parietal tumours teaching deep into the white matter may le.od 
to ‘thalanuc over-reaction', an exaggerated response to unpleasant 
stimuh on tho opjwaite side of the body, though tins is iisuallv 
present to only a sUght extent. Involvement of the fibres of the optic 
radiation causes a crossed homonymous defect of the visual fields; 
and since the upper fibres arc the more likely to be caught, the field 
defect may be confined to the lower quadrant 

The posterior part of the parietal lolie constitutes a ‘watershed' 
between the three great cortical sensory areas, the optic, auditory, 
and somatic. A leit-sided lesion of thb area may therefore he 
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expected to cause considerable disturbance of speech on its receptive 
side. Lesions of the left angular gyrus tisually cause ‘word-hlmd- 
ness\ nith u’bicli may bo associated visual agnosia — inabihfc}' to 
recognize objects seen — and finger agnosia Lesions of tlie left 
sujiramarguial gyrus may cause bilateral motor apraxia. 

Occipital Lobe. 

Tumours of the occipital lobe are oomparatii'cly rare Headache 
is an early symptom, and other signs of increased intracranial pres- 
sure are usually conspicuous Epileptiform convulsions occur in a 
considerable proportion of cases — 50 |>er cent, in one sonea. They 
may be preceded by a visual aura, such as flashes of light moving 
from one side ton ards the middle line, but this is not constant Such 
attacks may begin uitli turning of the eyes to the opposite side. The 
characteristic focal sign of an occipital tumour is a visual field defect. 
This may consist of a crossed homonymous heuiianopia extending 
up to the fixation point, or of a crossed homonymous quadrantic 
defect, or of a crescentic loss in the periphery of the op2)o»ite half- 
fields. Honiianopia may have been discovered by the patient owing 
to his colliding with i>eople on his blind side Extension of the 
tumour to the region of the angular gyrus on the left side leads to 
aphaaia associated with a disturbance of visual recognition. Tina 
may find expression in an innbibty toread. alexia, or to recognize an 
object seen, though the same object is recognized when placed in the 
hand. It is often associated with iioininal ajihasia Neighbourhood 
symptoms may be present The commonest of these are auditory 
hallucinations with ‘word-deafness* when the posterior part of the 
temporal lobe is involved ; impairment of taste and smell, probably 
due to pressure upon the hippocampal gjTus , sensory impairment 
of the cortical type, and slight motor ircatnoss, both on the opposite 
side ; and nystagmus, hypotonia, and inco-ordination on the sanio 
side, the result of pressure transmitted to the cerebellum 

Corpus Callosum. 

Tumours of the corpus callosum are not common but often yield 
a distinctive chnical picture Mental symptoms are prominent and 
are often the first symptoms to be noticed It is said that mental 
changes are more frequently observed in cases of tumour of the 
corpus callosum than when the tumour is situated in any other part 
of the brain, including the frontal lobe. Apathy, drowsiness, and 
defect of memory are the commonest mental disturbances, but any 
of the mental symptoms already described as occurring in cases of 
cerebral tumour may be present. The defect of memory may be so 
severe that a patient w ho fiasxaifered from an intense headache may 
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in a few nmiutca Lare forgotten it completely. General tonvulsiona 
may occur. The situation of the tumour in the midlmc extending 
laterally into the central white matter on both sides Ic-ada earl^' to 
damage to the pjTamidal tracts. This is usually asimiuetrical in the 
early stages and it ia then conunon to find hemiplegia on one side, 
while the other exhibits the refiex changes resulting from a pjTamidal 
leaion, with little loss pf poxier. Later, double hemiplegia may be 
found Anteriorly placed tumours extending into the frontal lolics 
may cause a grasp reflex on one or both sides. Apraxia is present in 
a small projxirtion of cases. It may occur on the left side onlir, owing 
to interruption of fibtea linking the left tuprainarginal gyrus w ith the 
right p>Tamidal tract. Tremor anil cLoreiforui morenients some- 
times occur and are probably due to invohenieut of the corpus 
striatum Signs of increased iutracranial pressure are often late in 
dercloping. The protein content of the cercbro-spinal fiuid is IiJccIy 
to be high. 

Centrum Semlovalc. 

Tlie centrum scoiioralc coiisUts mainly of pyramidal fibres con- 
verging on the iiitcnul capsule, and sensory Sbres dixerging from 
the latter to the vanous cortical sensor;!’ areas. Xiiiuours in this 
region may cause httle disturbance of the intrucraiudl pressure, but 
they usually cause motor or sensory symptoms early. Owing to the 
concentration of fibres near the mtcnial capsule tbe whole of the 
opposite side of the body is likely to be afiected. Anteriorly placed 
tumours cause a progressive spastic hemiplegia. When the tumour 
18 situated more posteriorly the presenting syTuptoms are sensory, 
and all forms of sensibihty are usually impaired on the opposite 
side, and sensory ataxia is present. Hemionopia may be added if 
the optic radiation is inrolvcd. Somnolence is not uncommon when 
the tumour inrades the region of the optic thalamus ; and signs of 
pressure upon the upper part of the uiidbcain may lie found, es^ie- 
cially weakness of conjugate deviation upwards and inequality of 
the pupils The iiuasion of the third ventricle by the tunidur is 
rapidly foUoxred by tbe development of signs of increased intracranial 
pressure if these have not been present before. 

Third Ventricle. 

The third ventricle may be tbe prunary site of a tumour, e.g. a 
colloid cyst, or it may be invaded by a tumour arbiiig below, in tlie 
interpeduncular space, above, in tbe falx or coqiiis callosum, or 
laterally, m the centrum semiovale. Such extraventricular tumours 
Usually jitld ample evidence of their presence before they invade 
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tho witlchlc. Tiinioufs ansitigiti the ven/ricle, Jioucver, are often 
(lilUcult to localize. Hydrocephalus may Ixj acute, subacute, inter- 
niittciit, or chrome. Severe {>aroxysiiiaI headaches arc comuion, and 
w ith papillocdema may be tho only sy luplonis. Progressive dementia 
may occur, or coma may buddciily dc\clop. 

Somnolence, polyuria, hypcrglycacnna an<I glycoouria, obesity, 
sexual regression, and irregular pyrexia may bo produced by tiouu- 
ward pressure by a tumour upon tho tuber cincrcum and pituitary 
botly. Lateral extension of the gtowtli in tho region of the internal 
capsnlo cau-scs signs of pyramidal defect on ono or both fiulcn 

iMidbraln. 

Tumoura arising in tho uii<lbrain usually cause internal hydro- 
cephalus early owing to oh-trnctiou of tho aqueduct of Sylvius. 
Hcadaclip, papilloodcma, and vomiting ato therefore conspicuous 
Owing to the concentration in tins region of the nuclei of tho third 
and fourth cranial nerves and tho supranuclear paths converging 
upon thorn, ocular nhnormalitiesnrc prominent. Lesions of tho upper 
part of tlio midbraiu usually cauio a paresis of conjugate ocular 
dc\ iation iipw ards, and retraction of (ho upper lids may be associated 
with this. of the loner half cau>o ]>arebis of conjugate ocular 

deviation donmvards with which ptosis and paresis of coiucrgenco 
may bo corahined Conjugate lateral moi-ement of tho eyca usually 
Obca^ics, at least in the early stages, though a le»ion just above tho 
pons may iu\oho the supranuclear fibres for lateral movement at 
their decussation and so cause a bilateral paralysis of lateral con* 
jugate gaze. 

The pupils are often unequal and lend to bo dilated. Tho reactions 
both to light and ou convcrgciico-necouimodation may be lost, or 
tlie latter may he preserved vvlien the former is lost. Asymmetrical 
nuclear ophthalmoplegia may occur. 

Tho pyTamidal tracts are usually involvwl on both sides, though 
ono is often more severely affcclc<l tlian tho other. Tho character- 
istic reflex changes of pyTamidal lesions are j^resent. Weakness 
and spasticity, slight in tlio early stages, progrc.s3 until in some cases 
a condition of virtual ^decerebrate rigidity supervenes. ‘Tonic’ fits 
characterized by opisthotonos with extension of all four hrabs and 
loss of conscioiisnciw may occur IVenior is common, and nystag- 
mus aad aiasia result from injury to tho oerohclhir coiinexions. 
Choreiform movements are occasionally observed. 

Sensory changes arc due to damage to the long ascending sensory 
patlis Extensive areas of analgesia and defect of postural sensibility 
may be encountered. Compression of the lateral lemniscus may lead 
to luulateral or bilateral deafness. 
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Pineal Body. 

The sjmptoms of tumours of the pineal body consist of (1) signs 
of increased intracranial pressure, <2) signs of pressure upon neigh- 
bouring parts of the brain, and (3) in exceptional cases disturbances 
of growth and development. Since the pineal body is situated be- 
tween the splenium of the corpus caifosum above and the superior 
corpora quadrigemina below, its enlargement speedily causes internal 
hydrocephalus, owing to obstruction to the drainage of the third 
ventncle, and sjmptoms of compresaion of the upper part of the 
nudbram Signs of increased intracranial pressure therefore occur 
early and are associated with the signs of a midbrain lesion aa 
described m the previous section, namely, defect of conjugate ocular 
deviation upwards, less often ilownwanls and laterally; paresis of 
convergence; retraction or ptosis of the upj)er lids; inequality of the 
pupils, winch are usually dilated; reflex iiidoplcgia; bilateral signs 
of pyramidal lesion, nystagmus and ataxia; tremor and sensory loss, 
Including deafness. 

The dLturbances of growth are found only when the tumour 
develops in young boys, and not always then, occurring in only 
about 14 per cent of all cases. They consist of mental precocity, ab- 
normal growth of the skeleton, and premature development of the 
gemtaha and secondary sexual characteristics, a syndrome u hicli lias 
received the name ‘macrogenitosomia praecox‘. The cau»« of these 
symptoms IS unknown. 

The internal hydrocephalus caused by a pineal tumour may lead 
to 'hypopituitarism', and obesity may thus complicate thfe clinical 
picture 

The Region of the Optic Chiasma. 

The small region at the base of the brain l^ung between tlic optic 
chiasma and the cerebral peduncles is the site of tumours arL«ing 
m four situations, namely, (1) tumours of the pituitary body, (2) 
tumours of the hypophyseal duct, (3) snprabcUar meningiomas, 
and (4) gbomas of the optic chiasma. Since these tumours are dis- 
tinguished by differences in the general and focal symptoms to wiiich 
they give rise it Is convenient to consider them separately. 

Pituitary Tumourr. 

As already described, three patholi^cal t3-pe3 of pituitary tumour 
commonly occur, namely, (i) chioroophil, (li) chromophobe, thus 
described in terms of the reaction of theinciells to cosin staining, and 
(iii) basophil adenomas. The symptoms of these tumours may be 
divided into (a) endocrine disturbances which varj- acconJin^' to 
the pathological nature of the tumour, (i) pressure sj-mptoms, and 
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(c) alterations in radiographic appearances, wliicli, though varying 
in fcoventy, aro common to the firat two tumours in virtue of their 
situafioj) >rit}iin the sella turcica. 

(a) Endocrine Dislurbancee. (i) Chromophil ..■Idejiowa. In this 
tumour tho eosinophil cells charactcristio of the anterior lobe of the 
normal pituitary predominate, though cliromophobe cells may also 
bo present, Tho endocrine symptoms aro commonly regarded as an 
exaggeration of the norma! function of tho anterior loho of tho gland, 
that is to say, as patliologieal liyjierjiituitatism. When the tumour 
arises before growtii has ceased, gigantism occurs; when, as more 
frequently'hapiXJiis, the tumour begmsduringadult life, acromegaly IS 
tho result (Fig. 38). This is characterized by slow changes in tlie skin 
and subcutaneous tis.suc3, bones, viscera, general metabolism, and 
sexual activity. The slcin and subcutaneous tissues, especially of the 
fingers, bps, ears, and tongue, exhibit a fibrous hyperplasia, and 
paraesthesioo may occur in the fingers. Overgrowth of tho bones is 
most evident in tho skull, face, mandible, and at tho periphery of the 
oxtreniities. Tho Cvilvarium is thickened and tlio bony ridges and 
points of attacfuucnt of muscles aro increased in size. The malar 
bones enlarge, and as a result of o\crgrowt)i of tlie mandible the 
lower jaw becomes jirogimihous and separation of the teeth occurs 
Tho hands bccomo broad and spadc'hkc and hyjicrostoscs may 
develop on the terminal phalanges ('tufting'). Similar changes occur 
in tho feet, and (he patient frequently notices that ho requires a 
larger size in gloves and boots. A mild polyneuritic syndrome with 
paracsthcsi.io and loss of the tendon reflexes may occur Kyphosis 
in the upper dorsal spine is common and hypertrophy of many of 
the viscera has been described. Sugar metabohsiii is often disturbed, 
le-ading to Lyjicrgly caemia and glycosuna, which frequently responds 
less to insulin than is tiio caso in diabetes incllitus. Tho metabolic 
rate is usually increased and hyiwrtnchosis may be present. Im- 
pairment of sexual function is tho rulo in hotJi gigantism anci acro- 
megaly, impotence in tlio male and relative or complete umcnorrhoea 
in tho female being the rule. Enlargement of tho breasts and lact.i- 
tion persisting for months and occurring even in nulliparous women 
have been described in association with pituitary tumours, possibly 
of the chromopliil type, though the symptoms of acromegaly are 
not always conspicuous. 

(ii) Ckroinophobe Adenoma. These tumours occur almost exclu- 
sively in adult hfe and according to Oishing are three times os com- 
mon as the chromophil tumour which la associated w ith acromegaly. 
Since both their endocrine and their pressure symptoms are apt to 
bo less obtrusive, the diagnosis is much more likely to bo missed. 
The endocrine symptoms of the chromophobe tumour are usually 
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ascribed to Its destnictiveeflect upon pituitary function, that is, Uiey 
are regardeti as due to hj’popituitarisni. The first s^Tuptoni is usually 
a depressioti of sexual function, nhicli in uoiuen talves the form of 
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(ill) Basophil AdcJioma. The basophil adenoma is a rarity and 
appears never to attain a sufficient size to cause pressure symptoms. 
It has been found in association with a syndrome (Cushing’s syn- 
drome) characterized by remarkable metabolic disorders, but Crooke 
(1935) has found that a bj’aline ebango in tlio basophil cells of the 
anterior Jobe of the pituitary is tho only feature common to patients 
exhibiting the syndrome bitherto attributed to the basophil adenoma 
whether this is associated with basophil adenoma of the pituitary, 
hyperplasia or neoplasm of the suprarenal cortex, or tumour of the 
thymus. Tho ludividuala allecicd are usually young w omen, and their 
symptouis, to which Cushing drew attention, include painful, 
plethoric adiposity, associated with cutaneous striae and purpunc 
patches, hirsuties, amenorrhoca, hyperpiesia, erythraemia, and osteo- 
porosis. In a case which I observed tlie hyperpiesia was associated 
with albuminuria, a raised blood urea aod papillocdema, and byper- 
glycaeinia and glycosuria were also present. Death occurs usually 
within five years of tho onset of symptoms. 

(6) Pressure Si/mploms. Headache is usually an early symptom of 
pituitary tumour and is more marked as a rule when tho tumour is 
of the cbromophil, than when it is of the chromopliobe, typo. In the 
early stages it is due to expansion of the sella and is usually described 
os a 'bursting’hcadaclio with a bitemporal distribution. If later the 
tumour extends bc>ond tbo diaphragma sclUe the headache is due 
to general iucrcase of intracranial pressure. Vomiting is usually 
absent, cxccjit in the later stages Since the optic chiasma lies 
above tho diaphragma scllae, visual field defects are an important 
and early symptom of pituitary tumours. Usually the tumour 
as it enlarges upwards first compresses tho decussating fibres 
of tho chiasma, hence bitemporal bemianopia is the field defect 
most frequently encountered (see p. 50). This is ns a rule asym- 
metrical, tlie defect beginning in the periphery of tho upper temporal 
quadrant on one side, ivhence it extends towards the fixation point 
and downwards into tlie low er temporal quadrant. A similar change 
occurs either simuItaneou.sIy or subsequently on the opposite side 
In other cases the defect may begin as a scotoma on the temporal 
side of the fixation point. As the tumour grows, the nasal field of 
the eye first affected is encroached upon bo that the patient often 
^jasses through a stsige of coiryilete blindness ui one eye with a 
temporal bemianopia on the opposite side. Later, if the pressure is 
not reUeved, the second ejo also becomes bluid. Less frequently one 
or other optic tract is compressed before the chiasma with the pro- 
duction of a homonymous bemianopia. Rarely the visual paths 
escape damage. 

Compression of the optic chiasma causes primary optic atrophy 
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which is often muro uilvnncctl in «no cyo than in the other. As tJio 
prcvsuro at thu s.uiio tiino obliterates (ho (iiubarachnoid klicatli of 
tho optic norvcii, papillowJcma rarvly occurs. In the later htage.s of 
the tlc\cIopnienl of tlio growth ocular paUiut »nay bo prodiictsl by 
compression of tho thinl or tiitlh cranial nerves, ami trigcnunal 
pain, usuallj' referred to the first di'mion of tiio iicrvo and some- 
times ossociatctl with anatgesu. 

Cerebral s^nnptoins do not occur until the tumour has expanded 
bo^'ond tho sella, when compn-ssloii of tho «rchral pjcduricles may 
lead to unilateral or bilateral signs of pyramidal defect; uncinate fits 
may result from eomprcs-duti of tho uncinate g^Tus and prcaauroui>on 
tho frontal lobo may lead to luarLcd mental dcttrioralinn, with or 
without abnormal emotional reactions. 

(c) liadiojrajihie Aljijitaraiicet. Atknonia of tho pituitary, except 
tho ba:»ophi! variety, causes a timfumi exiuin>ion of the sella, with 
thinning of its w aiU. 

Hypophyseal EpiJermoU Tuinvur. 

Tho pathology of tho>o tumours has already been de»enl>cd. Since 
they depend upon abnunualitics of development, xymptoiua usually 
apjwar at an early age, and iu more than onc-thinl of eases tho 
patient comes for treatment beforo the ago of 15. Lcm frc'^ucnlly, 
however, they causo no symptoms until nilddlo lifu. Thc.*^ tumours 
usually ari&o above the bcllor diaphragm, but exceptionally they 
develop within (he t>clla itHclf. 

(а) Endocrine Dislurbancts. Sinro they uro situated between the 
lloor of tho third vcnlrieJo and tho pituitary and develop at an early 
age, they may produce a largo v aiicty of disturbances of growth and 
metabolism, which may be duo to their compression either of tho 
pituitary or of tlio tuber cincrcuui, or of both these structures. 
In Cushing’s words, ‘the |>aticnt may show extremo ilegrces of 
adiposity or emaciation, of jiolyuria or Uio reversu, of dwarfism, of 
sexual infantilism or of prctuatiiro physical senility*. Lt tho later 
stages the patient may bo diowjiy, and urticaria and h) jicrp^Toxia 
have not uncommonly followed operative intcrfcrcnco with tho 
growth. 

(б) Pressure Symplomt. Symptoms of increased intracranial pres- 
suro are much more conspicuous than in tho ease of pituitarj- 
tumours. \Vhen tho tumour arises in eliildhood tho skull may lio 
enlarged and tho sutures separated, llcadacbo and v omiting may bo 
severe and p.ipilloedenia is rather commoner than optio atrophy. 
The tumour may compress the optic nerves, chiasma, or tracts, lead- 
ing to corresponding field defects. Tho optic chiasuia is compressed 
from above, benco tho resulting bitemporal hcmiuuoiiia usually 
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begins in the lower quadrants. The frontal lobes, temporal Iobe.s, and 
cerebral peduncles may also bo compressed. 

(c) Radiographic Appearances. These consist of (i) general signs 
of increased intracranial presure, such as ‘convolutional thinning’, 
(ii) erosion of the clinoid processes and flattening of the sella turcica, 
the result of downward pressure by the tumour, (ui) radiographic 
evidence of calcification witWn the tumourwhich is present in about 
76 per cent, of eases and varies from faint, opaque flecks to a mass 
the size of a hen’s egg, lying above the sella turcica. Occasionally 
there are also areas of calcification witliin the sella. 

Suprasellar Meningioma. 

Suprasellar meningiomas aro tumours of adult life arising from 
the meninges which cover the circle of venous sinuses around the 
diaphragma sellae. Headache is not as a rule severe and endocrine 
symptoms arc usually absent. The principal sjTnptoms are visual 
and are duo to compression of the optic nerve, chiasma, or tract, 
according to the position of the tumour. Primary optic atrophy 
IS the rule and the visual field defects may consist either of beuii« 
anopia or a central or temporal paracentral scotoma. One ej© is 
usually aflected before the other and to a greater extent. Pressure 
of the tumour upon the base of the brain may lead to uncinate fits, 
general convulsions, and hemiparosis. Radiograms may show no 
abnormahty or the optic foramen or clinoid processes may bo eroded 
and the sella flattened, and there may bo opacities due to calciflca* 
tion within the growth. 

Glioma of the Optic Chiasma. 

This is a rare tumour which usually occurs in childhood and may 
bo associated with generalized neurofibromatosis. Owing to the situa- 
tion of the tumour visual detcnoratioii usually draws attention to 
its presence before a marked rise of intracranial pressure occurs. 
Primary optic atrophy is the rule and the visual field defects are 
often bizarre and may not conform to the familiar bitemporal or 
homonymous heraianopia. Exophthalmos may occur. Endocrine 
disturbances are absent. Radiograms usually show enlargement of 
the sella turcica forwards beneath the anterior clinoid processes. 

Cerebellum. 

The cerebellum is a common rite of tumour, especially in child- 
hood. ^fedulloblastomas aro usually found in the cerebellum and 
during the first decade of life. They arise in the midlinc in the region 
of the roof of the fourth ventricle Astrocytomas, though they may 
occur either in the cerebrum or in the cerebellum, are also most 
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frequently encountered in the latter during childhood and arc often 
cjotic. Angioblastomas are almost cxelusirelv* cerebellar tumoure 
and are also usually cystic, and a considerable proportion of tuber- 
culomas are found in the cerebellum. 

The majority of terebollar tumours arise in the midline but may 
extend into one or other lateral lobe. The symptoms dlifer con* 
sidcrablj according to whether tlie tumour is median or lateral. 

(a) J/id/me CenUJlar Tumours. In this group sjTuptoms of in- 
creased intracranial presoure occur early and often become severe. 
Headache, vonuting, and papUlocdema arc conspicuous and in 
children hj'drocephalus often leads to enlargement of the skull, 
with separation of the sutures and symptoms of 'bj'popituitarisni’. 
Symptoms of cerebellar defieicuey are u.sually most matke<l in 
standing and walking and there may bo little or no ataxia of the 
upper limbs. Giddiness is common and there is usually unsteadiness 
in standing, especially with the eyes closed. The patient usually 
tends to fall backwards, sometimes forw arils. The gait tends to be 
ataxic, especially on turning. Xystagmus is often abncnt, but tbero 
is usually mnsmlnp hypotooia wUcb may bo unequal in degree upon 
the two sides of the body. Compression of the midbrain may lead 
to ‘tonic fits’ charactonzed by extension of all four hml» and 
opisthotonos, with loss of consciousness, and the pupils are oo- 
casionally dilated and exhibit sliiggidi reactions, a mUIuading sign 
which may suggest a tumour of tbc third rcutricle or pineal body. 
The remaining cranial nerves are often little ailected, though weak- 
ness of one or both external recti and slight facial weakness may be 
encountered. Tlicre is as a rule httic wroikncsS of the limbs, though 
an extensor plantar response on one or both sides may be found. The 
tendon reflexes may lie siuggisli, probably ns a result of raLed intra- 
cranial pressure. Sensory loss is exceptional. 

(i.) Tumours oj the Laleral Lobe. .\3intheca.«oofmidlinocerobel]ar 
tumours signs of increased intracranial pressure occur early. Xyotag- 
mus IS usually marked and is most evident on conjugate lateral ocular 
deviation to the side of the lesion. The quick ph.isc is directed 
towards the periphery and the slow phase towards the centre. 
Xv.stagraus is usually confined to the plane in which the eyes are 
deviated, but may occasionally be rotary. Other signs of a deficiency 
of cerebellar function are most marked m, and often confiucvl to, the 
limbs on the side of the lesion. Hypotonia is usually conspicuous. 
The outstretched upper hmb oa the affected side tends to sway if 
iinsnpportcil. .Vtaxia is present on the affected side, lieing most 
evident in the upper hmb on cairying out fine movements, for 
example in the fiogcr-nose test, and in the lower limb in walking. 
The gait is unsteady. Tlie patient tends to walk with a wide base and 



INTEACRANIAL TU310UR 261 

de\ia(o to the affected side, and is liable to fall to the affected side 
when stauiiing with tlie feet together ami tlio closed Rajiici 
alternating inorements ate carried out with the affected limb in an 
irregular, jerky manner or may oven be inijiossible. TJio shoulder on 
tlio affected side is often at a lower level than the normal shoulder 
and llicra may he scoliosis w ith tiie concavity tow ards the side of the 
lesion 

There is frequently an abnoruial attitude of the head, wliich is 
flexed to one side and rotate*! so that the occiput is directed towards 
the shoulder, towards *ihich the head is flexed. Tins rotated, or, as 
it is sometimes called, ‘ cerebellar’, jiosturc of the head may occur in 
the absence of a lesion of the ccrcbcUunt and is due to an interrup- 
tion of afferent impulses derived from tlio otolith organs of the 
internal ear. In the early stages of a lateral cerebellar tumour the 
head is usually flexed and rotated to tho side of tho lesion. Later, 
when tho tumour is sufficiently largo to exert pressure uiion tho 
hrain-slcm, tho head is rot a(c<l to the opiKisito side. Speech is usually 
httla affected in cerebellar tumours, whether of tho midlino or lateral 
lobes. (For other 8;viuptotns of cerebellar deficiency see p 48 ) 

The symptoms of oerebeUar deficiency associated with a tumour 
of the cerebellum often appear to be disproportionately slight with 
reference to the size of tho tumour. Jt is known that after ablation 
of the cerebellum a considerable recovery of function may occur, and 
it Is probable that the slow- growth of the tumour permits a gradual 
compensation for cerebellar deficiency by other parts of tho nervous 
system 

Neighbourhood symptoms are usually more conspicuous m the 
ca>e of lateral cerclpellar tumours than trhen the tumour is in the 
inidlmo. Forward presouro by the tumour may cause a disturbance 
of function of any of tlie cranial nerves from the fifth to the twelfth 
on the same side, tho fifth, sixth, and seventh being most fre- 
quently affected. Pressure upon tl»c ipsilatcral half of the pons and 
medulla not infrequently leads to sbgiit signs of pjTaiiiidal defect 
on the opposite side of the body and occasionally to sensory loss, 
especially impairment of postural sensibiUty, though this is rarely 
marked. 

Eightli Nerve. 

Tumours of tiie eighth nerve (acoustic neuromas) may be either 
tuulateral or bilateral. In tho latter case they arc usually manifesta- 
tions of midtiplo neurofibromatosis. Tliey rarely give nse to symp- 
toms before the third decade of life and commonly during the 

fifth decade. Symptoms of increased intracranial pressure are usually 
late in developing. Owing to the situation of the tumour upon tho 
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eighth, nen-e the first sjiDptoms are due to a disturbance of the 
functions of this nen-e, and this feature is so constant that if a 
tumour situated in the cerebello-pontine angle manifests itself 
through some other inaugural nymptom it is not safe to roahe a 
diagnosis of acoustic neuroma. Tinnitus is usually the first sjmptom, 
followed by progreashe deafness, though sometimes lab^Tinthino 
symptoms, for example giddiness, precede disturbances of hearing. 
It IS not imcommon to find that a patient ^ hen ho first comes under 
observation is completely deaf in the ailccted ear and exhibits no 
response to caloric teats of labyrinthine function on the side of 
the tumour. Headache at first is uaually occipital, but sometimes 
frontal, and tends to radiate from back to front tJirougb the mastoid 
region- In the late stages it becomes general and there may be at- 
tacks of severe occipital pmn radiating down the spine and associated 
with retraction of the head and netk, reapiratory embarrassment, 
and, sometimes. loss of consciousness. PapUJoedenia and s-omiting 
are comparatively late In developing. The patient may comi>lain of 
paraestbesiae referred to the face on one or both sides, and attacks 
of facial spasm may occur. Diplopia U not uncommon. Dysphagia 
is a late symptom. 

On examination there are signs of impaired conductii-ity in tho 
affected eighth nerve. Hearing is much reduced and may be com* 
pletely loat, and there u often loss of all response to calorie tests of 
labyrinthine function on the affected side. This is often associated 
with lo» of reactions &qid the i ertical canals, but not from the 
horizontal canal ou the opposite side owing to pressure by tbo neuroma 
upon the pons, where the decussated fibres from the opposite 
vertical canals lie more superficially than those from the horizontal 
canal. The head is often rotated so that the occiput is directed 
towards the shoulder of the affected side. 

Other signs result from pre^aure by the tumour upon neighbouring 
cramal nerves. There is usually some facial weakness on the affected 
side, though this may be abgbt. Sensory’ loss may occur in the tri- 
geminal distnbuhon, but reduction or loss of tho corneal retlex may 
be the only sign of involvement of the fifrh nerve. Weakness of the 
external rectus may be present as a result of compression of the sixth 
nerve. Theremainingcranialncrvesareusuallymiaffected. Disturb- 
ance of fimction of the fifth, rixth, seventh, and eighth cranial nen es 
may occur on the opposite side as wcH as on the side of the tumour. 
Compression of t he ipsilateral cerebellar hemisphere causes symptoms 
of cerebellar deficiency on the side of the tumour. Signs of com- 
pression of the brain-stem are not aa a rule conspicuous, but crossed 
hemiparesis and hemianaesthfoia may occur as a result of com- 
pression of the long descending and ascending tracts, and weakness of 



INTilACRANUL XIMOUR 2C3 

conjugate ocular deviation to tlio side of the tumour, aa a result of 
compression of tljo pons. Itadiogrnpliic cxaiiiinafion jnay bliow 
erosion of the petrous portion of tlio temporal bono or of tiio internal 
auditory meatus by tlio tumour. 

Pons and Medulla. 

Owing to the close association in tlio pons and medulla of im- 
portant cranial nerve nuclei as well os of the descending and ascend- 
ing fibre tracts, tumours in this region early give rise to localizing 
signs and sjinptoms. I’oS'ilbly for this reason signs of increased 
intracranial pressure aro often slight when tho patient first conics 
under observation. Vomiting is often obscnt and papillocdcma ap- 
pears in under 50 jicr cent, of c-ises. Headache, which in the early 
stages is mainly occipital, and vertigo aro conunon and both may bo 
intensified by rotation of tho head. Diplopia and weakness or inco- 
ordination of tho limbs arc early syiniiloins. At first tlm signs may 
point to n lesion confined to one-half of tho brain-stem but tliey soon 
becomo bilateral. Weakness of tho external rectus on one or both 
sides usually dovclops early au<l may bo followed by paresis of con- 
jugate ocular deviation, or the latter may occur alono. 'Croswid 
paralysis’ is usually seen at an early stage, tlio distribution of tho 
paresis on the two sides of tho body depending ujxm tho level of the 
tumour. Moat frci^ucntly there is weakness of tho jaw and facial 
muscles on one sido and of tho soft palate, tongue, and limbs on tho 
other. Later bilateral lurolysU of tlio bulbar muscles and limbs 
usually develops. Sensory loss in tho region of the trigeminal dis- 
tributioii with reduction of tho conical reflexes is usually present on 
one or both sides, and impairment of hearing may occur. Sensory 
loss on tho limbs and trunk is variable. iVnalgcsia and thermo- 
anaesthesia may occur without loss of postural sensibility or vice 
versa, or all forma of sensibility may bo affected. Sensory clianges 
may bo predominantly unilateral or bilateral. Nystagmus and some 
degree of ataxia of tho limbs aro common, oven though the cere- 
bellum is not itself invaded. A rotated posture of tho head is not 
uncommon, the head being lloxcd and rotated towards tlie side less 
alicctod by tho tumour. Paralysis of the ocular sympathetic on one 
or both sides is frequent and the visceral functions of the medulla 
may bo disordered, leading to tadiycaxdia or cardiac irregularity, 
slterathnsia tborcspiratoryTaicsndrbytbta, hiccup, and glycosuria. 

Fourth Ventricle. 

Tumours arising in tho fourth ventnclo itself aro usually epen- 
djonomas originating in tho ependymal cells, though the fourth 
ventricle may bo invaded by tumours arising in the venuis of tho 
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cerebellttm or in the poos. Headache is an early symptom and is 
liable to paroxysmal exacerbations, the pain radiating to the neck 
and even to the shoulders and arms. Vomiting and papillocdenia and 
other endences of hydrocephalus usually develop rapidly’. There is 
often stiffness of the cervical muscles and tho head may he flexed and 
rotated to one side. Discaders of equilibrium are prominent. The 
patient often tends to fall backwards, and gait is ataxic. Symiptoms 
of cerebellar deficiency in the hmha may be slight or absent. ‘Tonio’ 
fits may occur. Disturbance of function of the cranial nerv es is often 
shght, though there may he paresis of one or both external recti 
and trismus may occur. The tumour may lead to disturbances of 
the visceral centres of tho medulla, causing attaclis of tachycardia, 
dyspnoea and irregular respiration, hiccup, sh eating and rasoinotor 
disturbances, polymria and glycosuria. Sudden death may occur. 

In some cases tho tumour groas out from tho fourth ventricle and 
surrounds aud compresses the spinal cord at the level of the foramen 
magnum, producing analgesia and thermo-annesthcsia of the face ami 
upper limbs, with signs of pyramidal involveaient, and leading to 
a clinical picture closely' resembling syTuigobulbia. In such caeca 
Queckenstedt’a test may reveal a blockage of the subarachnoid 
apace. 

Basal Meninges. 

Neoplastic infiltration of the basal meningi-s leads (o a dUtinctivo 
clinical picture. This condition may be duo to mctostascs from 
extracranial neoplasms or to extension to within the cranial cavity 
of a primoiy carcinoma of a nasal sinus or of a nasojiharyngcal 
endothehoma. It leads to progressive cranial nerve palsies, vi liich oro 
usually bilateral but often asymmetrical. PapUlocdema may he 
present or absent. Invasion of tho pituitary’ anil tuber cinexeuin may 
cause polyTiria, drowsiness, and other symptoms of byi>othalamic 
disturbance. In some cases cervical rigidity’ and pyrexia are pre'-ent, 
the clinical picture then resembling that of tuberculous meningitis. 
Neoplastic infiltration of the basal meninges may' be associatetl with 
focal symptoms due to metastases within the brain. Li all tlireo of 
the forms of neoplasm desenbed above there may be metastases in 
the cervical glands. 

Ducmosis 

Other conditions may be confused with intracranial tumour, citlier 
because they give rise to increased intracranial prevuro or because 
they lead to a progresave cerebral lesion, or for both of these 
reasons. The following are the conditions most likely to be mistaken 
for a growth. 
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(1) Intracranial Abscc33. 

In most cases intracranial abscess is readily distinguished from 
tumour, since its development is usually acute or subacute and a 
primary focus of infection is almost alnays to bo found either in the 
neighbourhood of the brain or clseu'hcre. Rarely, however, a chronic 
abscess may arise, its source of infection bemg latent or having dis- 
appeared. In such cases thodiagnosisfrom tumour may be impossible 
and the nature of the lesion may be unsuspected until operation A 
sudden or apoplectiform onset, the occurrence of a leucocytosis in 
iJie Wood and of a shght pleoojdoois in the ccrcbro-spinal fluid, and 
the presence of slight i)yrexi.a are points in favour of an abscess, 
but none of these is constantly prasent. 

(2) Arachnoidilii. 

The terms 'arachnoiditis', 'meningitis circumscripta serosa’, and 
' cerebral pseudo-tumour ’ have been apphed to a condition the patho- 
genesis of which is obscure, but which in some cases at least is 
probably inflammatory In origin, and %%hich recently has been 
obsened to follow actito lymphocytic chono-menmgitis. Localized 
cystic collections of cercbro-spinal fluid in the subarachnoid space 
may be indistinguishable from intracranial tumour before operation 
Not uncommonly tliey occur in the ccrebcllo-pontino angle and at 
the base of the brain, where the optic cluosma may be m\olvcd. Pre- 
operative diagnosis from tumour may bo impossible. 

{3) Hydrocephalus. 

Congenita] hyilrocephalus wdJ not give rise to difficulty, nor will 
hydrocephalus following meningitis. Hydrocephalus due to intra- 
cranial venous sinus thrombosis usually leads to conspicuous papiU- 
oi'dema w itb lit tic hcadaclio and vomiting, and focal signs are usually 
absent. 

(■i) Cerebral Arterial Disease. 

Cerebral arteriosclerosis gives rise to confusion whenpapilloedenia 
coexists with signs of a progressive cerebral lesion. The papilloedeina 
in these cases is usually sliglit and tends to jiersist unchanged for long 
periods and is associated with marked arteriosclerotic changes in the 
retinal vessels. Cerebral softening due to vascular occlusion may 
cause symptoms apparently rcterabfe to a single lesion, though there 
is frequently evidence tliat (lie l^ons are multiple. The onset of 
symjitoma w itli a slight ‘stroko ’ is valuable evidence of their vascular 
origin, and confirmation is found in e\idence of arteriosclerosis 
elsewhere. In ‘mahgnant hypertension’ severe headache and 
papilloedeina may coexist with a focal cerebral lesion, but the 
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l)lood•p^es^ure is high. In some cases the diagnosis remains in doubt 

until ventriculographydemonstratcstheabsenceofaspace-occupying 

lesion, and it must be remembered that in later life an intracranial 
tumour may coexist with arteriosclerosis and raised blood-pressure. 

(5) Intracranial Aneuri/sni. 

Intracranial aneurysm may simulate tumour cither before it rup- 
tures orafter recovery from the immediate cfiecls of rupture. Before 
rupture it may exert pressure upon surrounding structures, but the 
resultmg signs are only very’ slowly progressive; headache is slight 
and papiUoedcma is usually absent at this stage. After recovery 
from rupture, headache, secondary optic atrophy, and sometimes 
focal cerebral symptoms may closely simulate tumour. Tho history 
of the onset of the symptoms and their non-progressive character 
should help in establishing the correct diagnosis wliich may be con- 
firmed by angiography with thorotrast. 

(C) Xeuroiifphlis. 

The mcningo- vascular form of neurosyphihs may be mistaken for 
tumour on account of the presence of headache and papiUoedenia 
associated with an mtracranial lesion, while the mental deterioration 
and convulsions of general paralysis may suggest a tumour of the 
frontal lobe or corpus callosum. In both forms of ncurosy*phills, 
however, reflex mdoplcgia is likely to be present, and tho Wasscr- 
matm reaction and other characteristio changes in the cerebto-spinal 
fluid reveal the true nature of the disorder. The same is true of 
syphilitic hydrocephalus vrliich may cause headache and papill- 
oedema. Gumma of the brain is extremely rare, and the co-existence 
of symptoms of an intracranial tumour with a positive Wassennann 
reaction must not be regarded as necessarily or even probably 
indicating that tho patient is suficringfrom cerebral gumma. Syphilis 
and cerebral tumour sometimes occur in the same individual. 

(7) Epthpiy. 

Since generalized cpdcptifonu convulsions are a common symptom 
of intracranial tumour, the dillerential diagnosis of tumour from epi- 
lepsy frequently arises. Idiopathic epilepsy usually Ijcguis before the 
age of 25. Convulsions U^iiniiig after thus ago should alw ays suggest 
r/ie possibifity of tumour, though ui fate midd/e hie and old ago 
cerebral arteriosclerosis is the commonest cause. In epilepsy head- 
ache IS absent, except immediately after tho fits, and signs of a 
focal le.sion of Uio ners'ous system are usually absent, and if present 
are non-progrcssi\c. A focaloiisetoftbe fits is of no diagnostic value, 
binco It is not peculiar to intracranial tumour. 
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(8) Migraine. 

Headache, % oiniting, \ Isual hallucinations, arrd visual field defects 
are common hotli to migraine and to tumours in the neighhomhood 
of the visual cortex of the occipital lobe, especially angioma. As a 
rule tlie field defects of migraine are transitory, lasting only for from 
one-half to one liour, but occasionally an exceptionally soi ere attack 
IS follow ed by a permanent scotoma or hemianopia. Usually migraine 
begins at puberty, and there is often a family history of the disorder. 
Signs of increased intracramal pressure are absent and there is no 
evidence of a progressive intracramal lesion. 

(9) Jlelrobulbar Neuritia, 

Acute bilateral retrobulbar neuritis may simulate intracranial 
tumour, because it causes papiUoedcina with impairment of vision. 
It is distinguished, however, by the fact that the visual loss is dis- 
proportionately great compart with the papilloedema, which is 
usually slight, lilorcoicr, tito field defect is central, wiicrcas in 
papilloedema due to increased intracranial pressure it is penphcral. 
Headache is absent m retrobulbar neuritis, but pain in the eyes may 
bo considerable and they are usually tender on pressure. 

(10) Disseminated Sclerosis. 

Disseminated sclerosis is likely rarely to be confused with tumour, 
but difficulty may arise when a patient suffenng from the former 
exhibits papilloedema or suffers from epileptiform couvnilsions or 
presents the signs of a progressive focal cerebral lesion. In such cases 
stress must be laid upon the frequent occurrence of remissions in the 
history in disseminated sclerosis and the rarity of heailaclie in this 
disorder. A careful search must be inado for evidence of multiple 
lesions in the nervous system, and a {lositive colloidal gold curve 
in the ccrcbrO'Spinal fluid would be of diagnostic value, 

(11) Diffxise Sclerosis. 

Diffuse sclerosis may simulate tumour when papilloedema is 
present. However, the onset in early hfe, usually with visual failure 
of subcortical origin, and the bilateral distribution of the symptoms 
should enable the two conditions to bo distinguished. 

Diagnosis of tub Natueb of the Tdmour 

When the presence of on intracnuual tumour has been diagnosed, 
an attempt should alw'ays be made to decide its probable pathological 
nature, since upon this may depend whether surgical interference is 
to be undertaken and the nature of the difficulties likely to be en- 
countered by the surgeon. 
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To form aa opinion as to the nature of the grow tilt if nccc».s.iry 
to take into accountj^he age irf the patient, tho Itli^ii of the hiatorj’, 
the situation of the leaion, the degree of increased intracranial jires- 
sure, the radiographic appearances of the skull, and the pre»eiiro or 
ab-ence of asooeiated ahnonnalitles in other part? of the bo<ly. This 
section is therefore an attempt to correlate the pathological nature 
of the commoner U^pcs of intracranial tumour uith their clinical 
features. 

Medulloblastoma. 

This IS a rapidly growing, malignant tumour, mont frequently 
found m the neighbourhood of the roof of the foitfth ventricle in 
childhood It should be suspected in children who present the s^mip- 
toms of a midlme cereiicllar tumour with a history of than a 
year's duration. 

Spongioblastoma. 

This is a malignant and rapidly growing tumour arising in middle 
life and usually found in the cerebral hemisphere^' It should be sus- 
pected in middle-aged pcr>ons pre>cnllng the spnptoms of a tumour 
of one cerebral hemisphere with a histor>’ of less than a gear’s 
duration ' 

Astroo'toma. 

The astrocytoma is a slowly growing tumour wbichmay arise either 
in the cerebral or cerebellar hemispheres. In most cOsCs in which tlie 
bistori' of an intracranial tumourinetlbcrofthesO situations extends 
over several years, the growth is an astroc^'toma. Owing to its 
situation, the cerebellar astrocytoma is likely to bring the patient 
under observation sooner than one situatcil in the cerebral hemi- 
sphere 

^leoiagioma. 

Memngiomas are almost eaclushely supratentorial tumours and 
e.xhibit certain sites of electuHi which have already Ijeen described. 
They are rare before middle life. Owing to their extracerebral origin 
they compress but do not invade the brain. Tho focal s\*mptoms to 
which they give use are tlieiefote less .-«eiere in relation to the size 
of the tumour than is the ease with the gliomas, ileningiomas, there- 
fore, frequently cause a marked increase in intracranial pressure, 
with comparatively slight signs of a focal lesion. Their prosiniity to 
the skull leads to erosion of bone in 20 per cent, of ca*cs, and this is 
often demonstrable on radiographic examination, which may ah.o 
show calcification within the tumour. The meningiomas arc usually 
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as&ociatcd with increased vascularity, wJu’ch may he extracranial as 
well as intracranial, the latter being yi&iblc radiographically. 

Angioma. 

The angiomas, which probably originate in a congenital vascular 
abiiorinahty, usually > ield a long history and, ow ing to their situation 
on the cerebral cortex, epileptiform attacks are common Facial 
naevus may bo associated with venous angioma, and increased extra- 
cranial vascularity is often observed in connexion with arterial 
angioma, which may yield a bruit on auscultation of the skull. 

Angioblastoma. 

These tumours are almost exclusively cerebellar and are some- 
times associated with augioblasioma of the retina and with cysts of 
the pancreas and kidneys and hyi>cmephromas of the kidneys or 
suprarenal glands. Only the first of these associ-itcd ahiiormalities, 
however, is Idicly to be discoverable clinically. 

Pituitary and Suprapituitary Tumours. 

The diagnosis of the pathological nature of these tuuiours is 
described m the section dealing with thor symptomatology. 

Acoustic Neuroma. 

The clinical picture of this tumour, which commonly arises m 
middlc-agcd persona, la highly distinctive, since the first symptoms 
are tlioso of destruction of the eighth nervo on one side 

Metastatic Tumours. 

Metastatic tumours should be suspected in middle-aged or elderly 
individuals who present the history of a rapidly developing intra- 
cranial growth. In all such cases a thorough clinical and radio- 
graphic search for a primary neoplasm should be made. A history 
of marked loss of weight is suggestive. Not infrequently an intra- 
cranial metastasis gives rise to symptoms before the primary lesion, 
especially when this is in the lung, and sometimes the primary lesion 
is not discovered until autopsy. 

Tuberculoma. 

Tuberculoma may occiw^ at any age, but is most frequent in 
childhood and early adult life It begins as a cu-cumscribed patch 
of tuberculous leptomeningitis and is therefore cortical or sub- 
cortical m the cerebral and cerebellar hemispheres and first involves 
the superficial regions when it is situatwl in tlic brain-stem. Re- 
missions and relapses in the development of symptoms are some- 
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what chaiacteriatw, and increase in intracranial pressure is often 
disproportionately slight. Apleocytosismay be found in the cerebro- 
spinal fluid. The presence of a tuberculous lesion cl'^whcre «ill 
afford confirmatory evidence, but tbU is so common that it may 
coexist with a glioma. 

Gumma. 

Gumma is a verj’ rare tumour of the brain. Both glioma and 
syphilitic infection are comparatively common and both may occur 
in the same mdindual The association of a positive Wassermonn 
reaction with the symptoms of an intracranial growth should not be 
mterpreted as meaning that the latter is necessarily or even probably 
a gamma. Intracranial gumma usually responds little to anti- 
syphihf 10 treatment. It cannot safely be diagnosed before operation. 

Parasitic Cj’sts. 

The posdbiUty that the symptoms of an intracranial tumour may 
be due to parasitic cyats siiould always be considered in a patient m ho 
has lived abroad. The presence of such c>6ts ebewbere in the body 
aff'ords strong confirmatory evidence. The blood may exhibit an 
eosinophiha, and complement fixation and liocnitation tests and 
Casom's intradcmul sensitization test may be of diagnostic value in 
suspected cases of hj-datid infection. 

Pbocxosis 

The prognosis of intracranial tumour is influenced by the nature 
of the growth and its acceasibUity to the surgeon. 

In the absence of surgical interference almost all intraemnia! 
tumours increase in size, their rate of growth depending upon their 
nature Tlie resulting increase of intracranial pressure and destruc- 
tion of brain tissue ultimately prove fatal. Mlien papillocdema is 
severe, death may be preceded by blindness. The more malignant 
ghomas, such as the mcdulloblastonias and the spongioblastomas, 
grow rapidly and usually prove fatal within a year. The slowly 
growing astrocytomas may cause s^-mptoms for many jears before 
leading to a marked increase in intracranial pressure. 

Sudden death in cases of intracranial tumour is rare, but is au 
eventualit}' which should always be borne in mind. It may occur in 
the absence of iBsrked papiSoeHema, tbot^b tbere is uscisllya history 
of headaches of mcreasing seventy. The patient may without warn- 
ing become first drowsy and then comatose and die within a few 
hours of la-ing consciousness. 

The recent development of neuio-surgical technique has greatly 
increased the range of cerebral surgerj', and in the best hands the 
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immediate mortality of oiicrations for the tcmOval of intracranial 
tumour is under 10 per ee;it. Eztraccrcbral tumours can frequently 
bo removed witliout damage to tho underlying brain, and in sucii 
cases eompleto recovery may occur. Removal of an intracerebral 
tumour, on the other hand, necessitates considerable cerebral trauma. 
The risk of residual sjunptoms is proportionately increased. Mental 
deterioration and aphasia are likely to follow the removal of a large 
intracerebral tumour of the left hemisphere. Tumours in the inter- 
peduncular region are relatively inaccessible to surgery, and tumours 
nhicb infiltrate the brain-stem cannot bo removed. The more 
malignant tho tumour, the greater the likelihood of its recurrence 
after its attempted removal. Recurrence of the more rapidly gro\ving 
gliomas is the rule and even meningiomas may recur. The angiomas 
have so far proved unamenable to surgical treatment, but good re- 
sults have been obtained in tho case of the angioblastomas, especially 
when they are cystic and tho mural nodule is completely removed. 

The prognosis is naturally bad in the case of metastatic tumours 
on account of the primary groivth and the frequency of metastases 
elsewhere. 

Tuberculomas may become quiescent. If they are not too large 
they lend themselves to complete removal, though there is a risk that 
tuberculous meningitis may follow the operation. 

Cairns (1930) baa investigated the after-results in a series of 157 
patients operated upon by Cushmg. Seven to nine years later 03 
uere alive and 37 were leading a useful life. All tho patients uith 
spongioblastoma multiforme and cerebellar medulloblastoma died 
withiii tuo years of operation, and only one patient with a cerebral 
astrocytoma had survived. 

Tbeatsiekt ' 

Tho treatment of election of an intracranial tumour is its surgical 
removal, though for the reasons given iu the previous section this is 
not ahiays practicable. When a tumour is surgically inaccessible 
cerebral decompression, by abolishing tho rigidity of tho skull, low ers 
the intracranial pressure and relieves headache and papilloedema, 
thus frequently preserving vision and rendering the patient more 
comfortable. Right subtemporal decompression should bo carried 
out in the case of supratentorial tmnours and suboccipital decom- 
pression in tho case of those situated below tho tentorium. 

The suigery of tho brain has lately become increasingly specialized, 
and an operation for an intracranial tumour should not bo lightly 
undertaken. Even when the ^eseuce of an intracranial growth 
has been defimtely established surgical treatment is not always im- 
mediately necessary. The principal indications for operation are: 
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threatened visual failure, due to papilloedema or optic atrophy from 
compression of tiie optio nerves or chiasma, severe headache, and, 
in the absence of these symptoms, the presence of a surgically acces- 
sible tumour which offers good prospects of removal. 

Intracramal gumma responds little, if at all, to antisyphilitic 
treatment and the indications for surgical interference are the same 
as in the case of intracranial neoplasms. 

It IS doubtful if the mere presence of an intracranial tuberculoma 
justifies operation, since tuberculomas may become quiescent and 
there is a risk that the operation may be followed by tuberculous 
meningitis. Operation should not be carried out, therefore, unless 
there is evidence of increased intracranial pressure. 

The scope of railiotherapy in the treatment of intracranial tumour 
IS as yet undefined. X-ray irradiation may retard the growth of 
pitiutary adenoma and of some gliomas, especially medulloblastoma 
of the cerebellum In the latter case it should be used in association 
with surgical treatment. Ultic is known os yet concerning the value 
of radium in the treatment of intracranial tumour. 

Dehydration is of value for the tein]iorary' reduction of incrcost'd 
mtracranial pressure and also as a palLative mcasuro in iiioperalile 
cases. Deh^ dration is especially useful in ctnergeDcies. for example 
to restore to consciousness a senu-coniatose patient, in order that 
a complete chiucal examination may be carried out; to combat 
rapidly developing cerebral oedema and to lower the Intracranial 
pressure in a patient awaiting operation. The simplest nn<l usually 
a completely effective method of lowering the mtracnuual pressuro 
is the rectal injection of 8 oz. of a 2o jier cent, solution of magnesiam 
sulphate The solution is warmed to the body temjwrature ami the 
patient should retain it, if possible, for half an hour. 

To obtain a more rapid reduction of tho intracranial pressure it 
is necessary to inject a hypertonic solution intravenously’. Either 
70 c cm. of 15 per cent, solution of soilium chloride in distilled water 
or 100 c cm of 50 per cent, sucrose solution may' he used. Tlio solu- 
tion should be injected very slowly at a rate of not more than 3 c.cm. 
per mmute As palhative treatment, cither before or after operation, 
magnesium sulphate may be given by tlie mouth in J-1 drachm 
do»c3 thrice daily. Whatever method of dehy dration is employ ed it 
IS important that the patient’s intake of water should be restricteil 
to a minimum. 

There is no evidence that medical treatment has any' effect in 
retarding thq growth of an intouxanial tumour. 

Intensive antisypluhtic treatment should be carrieil out wlicn the 
presence of a gumma is suspected, but operation should not be 
postponed too long. 
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In casics of tuberculoma every effort siiould bo made to build up 
tho patient's resistance to the infection, as in the case of other 
tuberculous lesions. 
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3. HUIDACJIE 

The Imestigation of a Case of Ilcadadic. 

Headiicho h one of the commonest tjniptomt. Thoitgli it is fre- 
quently a trit ini (lisordcr, it iaalsont limes n eyniptom of the gravest 
feignificanto Every jintient suiTcrinp from licacLvelio requires, tlicrv- 
fore, a thorough inve.stigntion. Jii tokiug tlio ‘liUtorj*', attention 
must bo iiaid to the foUouuig iivinis. How long has the {Kitient 
suffered from hcadueliet la it iticrca-*ing in tuventy ! la it constant 
or juro.xj'smnl, and if inroryMiiat wlwt ia the diimtion of the 
paroxysms, and do they occur otony apcetal time of flay ? .Vro they 
prccipitatevl by at\y circumstance or activity, and bow, if at all, can 
they be rebeved ? What is the charaeior t)f the headache, and what 
is its situation 7 Is it associated uilli tenderness of the scalp or skull, 
with visual disturbances, vomiting, or vertigo! lias tberu been an 
injury of the head ? Arc there symptoms of nas.ii obstruction or of 
A disclairgc, cither from the nostrils or into the pharynx ? Is thcru 
a history of sy plnlis ! 

The investigation of a case of bcsdsihc inrolios u I'otuplclo 
examination of all the organs of (lie IkxIj', sjiccial attention being 
paid to the ocular fundi, tho now and nusal air sinuses, the blood- 
pressure, and tho urine. Jtndiograpby of the skull, including the 
nasal amuses, and examination of Ibc ccrebro-spbial tliiiii and blood 
SVasoerinann reaction may bo rcquircvl. , 

The Causes of Headache. 

(1) Disease of the Bones of the Crunium. 

Osteitis of the cranial bones is an occasional cause of headache. 
Syphilitic osteitis and osteitis deformans of Paget should especially' 
be borne in mind. Headache due to osteitis is of a burning, boring 
chwicter a.ndia&iwci'ated'aiitEt.endenie^ of -hViicVi often 

feels iranuer than normal. Local or general thickening of the 
cranium is often present, and the characteristic changes in the bones 
are demonstrable by radiography. Oxycephaly, which may cause 
headache oiviug to premature synostosis of tUo sutures, ia readily 
recognized by the abnormal idiape of tho skull. 
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(2) yeuritls and Neumlgitu 

Pain in the head may be duo to neuritis and neuralgia of tho sen- 
sory nerves of the scalp. The supra-orbital, auriculo-temporal, 
posterior auricular, ami great occipital nerves may be tho site of such 
processes. The pain in such cases is usually paroxysmal and radiates 
along the course of tho nerve, wliich is tender on pressure. Cutaneous 
hyperalgesia corresiKUiding to the sensory distribution of the nerve 
affected is occasionally present. Tic douloureux is a form of tnge- 
mbial neuralgia whicli may involve tho scalp uhen it attacks tho first 
division of tho nerve. This, however, is less frequently involved than 
the second and third divisions. Herpes zroter of the Gasscrian ganglion 
is sometimes a cause of severe and persistent neuralgic pain. In tho 
acute stage there is a vesicular eruption on an erythematous base, 
w hich appears on the forehead, vertex, and sometimes the side of tho 
nose, %yheii the first division is involved, and the cornea may also be 
affected. After the acute stage tho scarsof tho eruption remain visible, 
and there is usually cutaneous anaesthesia. Pain in the distribution 
of tho trigeminal nerve may bo duo to pressure upon it in its intra- 
cranial course by intracranial neoplasm or aneurysm, or to its involv o- 
inent in nieningo-vascular syphilis or tabes. Moreover, its central 
fibres may bo involved in a lesion within tho medulla. Thrombosis of 
thopo8teriorinferiorcerebcllarartery,syringobulbia,anddi8seminated 
sclcrosismayin this way cause neuralgic pain over tho face and scalp. 

(3) Referred Pain 

Lesions of many viscera are attended by pain referred to the super- 
ficLal tissues remote from tho viscus involved hut innervated by the 
same segment of the nervous system In this way visceral disease 
in many situations may be attended by pam in the head and localized 
hyperalgesia of tho face or scalp. These symptoms may he produced 
by eyo-strain, iritis, glaucoma, lesions of the middlo ear, nasal 
sinuses, teeth, pharynx, and tongue, and also by disease of the 
intratboracic and iiitra-abdomiiial viscera (see p 816). Theexplaiia- 
tion of this reference of ]}ain to tlio head from remote organs is that 
the trigeminal is the somatic eenuory nerve corresponding to the 
vagus by which so many viscera are innervated. Nasal obstruction, 
a|>art from infection of tho nasal sinuses, is a common cause of 
persistent frontal headache. Occipital headache is often present in 
cases of cervical fibrositis and spondylitis. 

(4) Meningeal Irntalion. 

Meningeal irritation is responsible for some of tho severest head- 
aches. It may bo due to the various forms of meningitis, including 
syphilitic meningitis, or to the presence of non-infcctiio irritant 
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products such as extraTasaled blood in contact with tlie meninges. 
The pain is constant, severe, and throbbing or ‘bursting’, and is 
usually associated \rith hj'peralge^a of the scalp, and in tJie case of 
acute meningitis with other signs of meningeal irritation, such as 
cervical rigiditj' and Kemig’s rign. 

(3) Headaches of Vascular Origin. 

TTtgh Wood-pressure canses paroxysmal throblnDg or ‘bursting’ 
headaches Intracerebral haemorrhage results in an increase in the 
niaj>3 of the brain, which leads lo headache if the patient remains 
conscious. Cerebral embolism and thrombosis cause headache owing 
to the oedema of the infarcted area of tlie brain. Intractanial 
aneurysm is rarely Urge enough to cauae increased intracranial pres- 
sure ^fore rupture. It may cause pain in the head, however, by 
compression of the trigeminal nerve. After rupture, subarachnoid 
haemorrhage leads to headache by causing both increased intra- 
cranial pressure and meningeal irritation. 

Changes in the cahbre and permeability of the ccrebrol ressels 
are probably responsible for the headaches which accompany 
numerous to.Tic states such as severe infections, slcobolic over- 
indulgence, general anaesthetics, uraemia, and diJTuse cerebral in- 
fiammations, the various forms of encephalitis. 

Migraine is probably also a vasomotor (Usorder, and on this 
h^i-pothesis the headache is due to vaecular dilatation following a 
preliminary constriciion. The i-haiaetcrutics of migrainous headache 
are described on p. S44. 

Headache may be caused by arteritis of the superficial temporal 
artery 

Headache may also be produced by raised intracranial venous 
pressure When this is caused by thrombosis of an intracranial venous 
smus it is associated with other signs and symptoms which reader 
Its nature obvious. WTien tbe cause of tho rai^ wnous pressure 
13 extracranial the source of tbe headache may be missed. Severe 
paroxysmal ‘ bursting' headaches may thus accompany loige goitres, 
chrome emphysema, and intratboraeie neoplasm and aneurysm. 

(C) Iniracranial Xtojilasm. 

The mcxie of production of headache by intracranial neoplasm ami 
Its characteristics are considered elsewhere (see pp. 228-31). 

(7) Inlracranial Abscess. 

Chronic intracranial abscess kails to headache which is indis- 
tinguubaWe from that produced by intracranial neoplasm. More 
frequently intracranial abeess is subacute and the hc.idache tends 
to be constant and of inezeasing aeverity. 
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(8) Trauma. 

Ill tie more severe degrees of Jiead injury hcadacLo is apt to be 
masked by impaired consciousness. It is a prominent symptom of 
persistent cerebral contusion, and in this condition is paroxysmal, 
tends to be precipitated by excitement, by exertion, and by stooping, 
and 13 often associated with irritabiKty, nervousness, and giddiness 

(9) Increased 'pressure of cerebrospinal fluid. 

This occurs secondarily m many conditions associated with 
increased intracranial pressure. It U the essential feature of hydro- 
cephalus. Headache lu this condition has the general characteristics 
distinctive of headache in increased intracranial pressure 

(10) Loucred intracranial pressure. 

Tills may cause headache, as, for example, after lumbar ]nmcture. 
Such headache is throbbing and may be literally prostrating, since 
it 13 intensified by sitting or standing and relieved by lying flat or 
M itli the feet raised above the level of the beail The pain may radiate 
Iront the head to tiw fieck or dorsal eptne. ‘iou pressMAJ ’ headaelto 
sonietiiucs occurs m (lersons suffering from anaemia and from low 
blood-prcssurc, and is induced in some individuals by taking saline 
purgatives 

(11) Psijehogeme Headache 

Numerous abitoniial cranial sensations are described by neurotic 
and psjchotic p.Uietit8. The commonest is a sense of pressure at the 
V ertex, frequently encounteretl in anxiety states. Or the patient may 
describe a sensation ‘ like a nail or wedge bemg driven into the skull’ 
Persistent ‘neuralgic’ pains associated with hyperaesthesia of the 
scalp and failing to respomi to all analgesics may be encountered 
in Ly&teria. Patients sufFeruig from depressive state.? sometimes 
describe ‘terrible pauis in the bead’ of winch they can give no more 
precise description. 

Treatment. 

Apart from palliative treatment with analgesics such as aspinn, 
pjTamidon, and phcnacctin, which can safely be used in most cases, 
the treatment of headache is that of the causal di.sordcr. 
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CHAPTER IV 

DISORDERS OF THE CEREBRAL CIRCULATION 

I. THE ARTERIAL BLOOD-SUPPLY 
Tiil intracranial blood-supply is dcrired from the two iiitonial 
tajTitid arteries and the two vertebral artcncs which unite anteriorly 
to form the basilar artery*. The circle of Willis wbicJi is situated 
at the base of the brain is formed by anastomoses between the 
internal carotid artciy, the baaiUir artery, and their brantlics, as 
follow 8. 

The basilar artery divides into the two posterior cerebrals, which 
arc joined to the two internal carotids by the posterior cdmmunicat- 
in" arteries The internal carotids give off the two anterior cerebral 
arteries, which are unitixl by the t-lngle anterior communicating 
arterj’, wliicli thus completes the circle. 

The principal intracranial arteries and their areas of distribution 
ore os follows. 

Arteries of the Cerebral Hemispheres. 

Tht Internal Carotid Artery. The internal carotid artery aAcr 
entering the cranium gives off small branches to the wall of the 
cavemou.'i sinus, (bo third, fourth, AAh, and sixth cranial nerves, 
including the Gaaserlaii ganglion, the pituitary, and the dura mater 
of the nutidle fos^a. The next branch is the ophthalmicartery, from 
which the central arterj* of the retina is derived. The internal 
carotid next gives offthe/xMrcnVrcemmunicntinjrarfcry, which unites 
it -with the pootcrior cerebral artery^ The posterior commuiucating 
arteiy supplies the optic cbiasma, piluitarj', tuber ciaercura, and 
lij'pothalamic region, the lower part of tlie anterior third of the 
poatenor limb of the internal capsule, part of the external nucleus of 
the optic thalamus, the untenor third of the crusta, and part of the 
midbrain, including the corpus Luj-sii and Ford’s field. Tlic anterior 
choroid artery passes backwards and>outwanis from the internal 
carotid to enter the anterior extremity of the descending horn of the 
lateral ventricle, where it supplies tlie choroid plexus. It is dU- 
tnbutod aL^ to the optic tract, to the ancixuitogyru.4, to the jiostorior 
Iwo-thmli of the jxwterior limb of the internal eapaulo, and tlio 
ongin the optic radiation, to pirt of the lenticular nuilous, and 
sorattini^>s to the anterior third of the crusta, which is usually siip- 
plicilby thep<totcrioroommumcaling, sometimcsalMilo the jiosterior 
two-ihinU of the enwta, which is usually supjjliid by the jjostcrior 
ccn-bral. 
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Tht Anterior Cerebral Artery. The anterior cerebral artery jxv&ses 
fornards and mediaUy from (ho intemal carotid, turns round tho 
genu of the corpus callosum, above wliich it runs backwards to 
terminate posteriorly, usually one inch anteriorly to the parieto- 
occipital fissure. It gives off the follo^nng principal branches: (I) 
Basal branches, of « Inch the most important is tlie recurrent branch 
(Heubner’s artery). This branch esnters the anterior perforated spot 
and supplies the anterior part of the caudate nucleus, the anterior 
one-third of the putamen, and tho anterior limb of the internal 
capsule.'' (2) The anterior communicating artery, which is a short 
branch uniting the two anterior ccrebraU and which gives off no 
branches. (3) Branches to tho frontal and parietal lobes. These 
supply tho medial aspect of tho hemisphere and the upper part of its 
lateral as{M)ct for from tliree-quarters to one inch from the median 
edge throughout tho length of the artery and a corresponding area 
of tho white matter of the frontal and jianctal lobes, mcluding the 
olfactory tract and lobe. The most important cortical branch of the 
anterior cerebral is the paracentral arterj', winch supplies the para- 
central lobule, which contains tho leg area of the motor cortex. Ot iier 
branches of tho anterior cerebral pass downwards to supply the genu, 
rostrum, and body of the corpus callosum. 

The Middle Cerebral Artery. TJio middle cerebral artery passes 
laterally from tiio internal carotid in tho stem of the fissure of Sjlvius 
to the surface of tho Island of Red, where it divides into its terminal 
cortical branches. When crossing the base of the brain it gives off its 
basal branches, the lenticular, the lenticulo-optic, and tho lonticulo- 
stnate arteries. These branches supply iwrt of the lenticular nucleus, 
tho upper part of both anterior and posterior limbs of the internal 
capsule, and the horizontal part of (he caudate nucleus behind tho 
head The'xortical distribution of the middle cerebral artery is co- 
terminous with that of the anterior cerebral as far back as tho middle of 
the superior parietal lobule. It then extends to the edge of tho median 
surface oris bounded by the territory of tlie posterior cerebral artery, 
passing dowiiw ards betw cen tho interparietal sulcus and the occipital 
lobe to reach tlie middle of tho inferior temiioral or the low er border 
of the middle temporal convolution. In about lialf of all cases the 
area of the middle cerebral artery extends to tho occipital pole, or 
half an inch anterior to it. It also supplies the tapetum of the corpus 
callosum and the white matter of the centriua semiovalo coirespond- 
ing to its cortical distribution. The cortical branches of the middle 
cerebral artery are tho external orbital, tho inferior external frontal, 
w'hich' supplies the inferior aud middle frontal convolutions, the 
ascendmg frontal, which is distnbuted to the precentral convolution 
and the iiosterior part of tho middlo frontal convolution, the ascend- 
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mg panetal, which supplies the iwst-central convolution and (ho 
adjacent superior parietal lobule, the lemjxsral briinch, hicli sup* 
plies the superior and middle teini»ral convolutions, ftnd tho parieto- 
temporal branch, which continues the direction of the main stem of 
the artery and supplies the inferior parietal lobule, part of the lateral 
surface of the occipital lobe, and the t)o»terior part of the temporal 
lobe 

Tkt PoskriOT’ CtTihral ^rter^. The two posterior cerebral arteries 
are the terminal branches of the basilar Thej' run backwards and 
upwards around the cerebral pctliinclcs and beneath the iipleniiun 
of the corpus callosum to the calcarine fissuxo of the occipital lobe. 
Close to its origin the posterior cerebral artery gives off basal branches 
which supply the posterior part of the optic tlialamus, including the 
pulvmar, the posterior tuu-tbirds of the crusta, and the red nucleus. 
Other branches pass around the brain-stem to supply the corpora 
quadrigemina and the geniculate Iwdics. The jiosfm'or eJiaraid 
aritrita, of which there arc usually two, supply some branches to the 
optic thalamus, the brain-stem, and (helhinJ ventricle, and teniiinato 
in the choroid ])lexus of the third and lateral ventricles. There ore 
four cortical branehei of the {lostcrior cerebral: the anterior temporal 
and the posterior temporal, which supply especially the uncinate 
gjTus, the calcanno branch, vrbich passes along the calcarine llssuro 
and is distnbuted to the visual area of the cerebral cortex, and the 
parieto-occipital branch, which pa&scs along the corres^kondUig 
fiasuro. The cortical area supplied by the posterior cerebral includes 
the median surface of the temporal lobe and of the occipital loho as 
far fonvards as the internal paricto-occipital fissure, or to a point One 
inch anterior to this The most anterior part of the temporal lobe, 
however, is supplied by the middio cerebral, and the anterior end 
of the uncinate gyrus including the uncus, by the anterior clioroid 
artery The cortical area of the posterior cerebral extends on to the 
outer surface for a distance of from three-quarters to one inch, being 
here bounded by the posterior limits of the anterior and middle 
cerebral arteries. Above, it usually extends anteriorly as far as Uie 
external parieto-occipital fissure or in some cases to half-way along 
the superior parietal lobule; below-, it supplies the medial aspect of 
the temporal lobe to within an inch of the tip. 

Arteries of the Brain-stem. 

The arteries of the brain-stem are mostly derived from the lasilaT 
and the two teriebral arUrica, though the upper part of the uiidbraiu 
receives ui addition contnbutions from the posterior communicating 
artery, the anterior choroid artery, and the posterior cerebral and its 
branches. The vertebral orterms fuse at the level of the junction 
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between the poii8 uiid the medulla to fumi the basUitr iiiUri/, which 
terminates at the upixir bonier of the jioiis by dhiding into the two 
posterior cerebrals. TJio artenes of the brain-stciu &iiow considerable 
variations of distribution, but conform on the whole to tlio following 
general scheme: 

Paramedian arteries enter tlio braiii-stein near the middle line 
anteriorly and supply ii narrow zone extending from before back- 
wanls dase to tlio middle line. Sliort cireiijiifercntial artenes supply' 
an area, often wctlge-sha])c«l, on iho lateral aspect, and long circum- 
ferential arteries arc diatnbuted to tho posterior part and to the 
cerebellum. 

Tfie Sujfcrior Cenbclhr Artery is tbo highest branch derival from 
tlie basilar before its bifureatmu It (Misses outwards and backwards 
around the brain-stem, giving small branchi^ totho cerebral peduncle 
and the corpor.a quadrigemina, and tcriiiinatct> by dividing to supply 
the upiier surface of tho vermis and of the lateral lobe of the cere- 
bellum. 

TAe Anlcnor Ivjerior Ocnbcllar ArUn, arises from the middle of the 
basilar and (xisscs backwanU to supply the anterior part of the lower 
surface of the lateral lobes of tho cerebellum The InCeriial AuJifory 
Arlery Icates tho anterior inferior cerebellar artery or less often tho 
basilar to accompany tho acoustic nerve and enters tho internal 
auditory meatus to supply tho iiitcnial car. 

Tiiroughout Its length the basilar gives off small vcbvols to tho 
anterior part of tiio {wns. 

37i« LaUml Artery 0 / the Medulla is the lowest lateral branch of tho 
b.i8ilar artery It supplies a wedgo-shaped orea of the lateral aspect 
of tho upper part of tho mcilulla corrcsi>onding to tho area supplied 
by tho posterior inferior eerobellar artery in tho lower (lart of the 
incdulha. 

The Posterior lujertor Cerebellar Artery is the largest branch of the 
vertebral Its site of origin is variable, but it usually arises from this 
artery a littlo dLstaiieo below the lower bonier of the pons It then 
passes outw ards and backwards around the medulla, gi\ ing branches 
wliich supply a wedge-sha|)ed area of tho lateral a-spect of the 
medulla, the Ixiso of which is on tho surface, and the apex postero- 
iiiternally, and the low er part of the restiforiii body It also supplies 
the choroid plexus of tho fourth ventricle The main trunk divides 
into two terminal branches wliicb supply tho inferior vermis and the 
lower surface of tho cerebellar hemisphere 

The Vertebral Artery, besides supplying the lateral .aspect of tho 
medulla through tho posterior inferior cerebellar, gives off branches 
to the paramedian region, a narrow zone adjacent to tho middle line, 
including tho pyramids of the medulla and extending backwards as 
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far tbo Uoor of the fourth \ciitriUc. The, junimi-tliun area sit the 
lowest medullary le%el w supplied by the AuUrior Spinal Artery, 
which ariics by tJie fusion of a brandi from each vertebral artery. 

2 SYNDROMES OF THE CEREBRAL ARTERIES 

Since the cerebral arlcriea arc cnd-artcries their obstruction 
gives rise to a clinical picture ubicli dcjicnds ujion loos of func lion 
of the parts of the brain supplied by the vt.'acl. Thii, of course, U 
influenced by tbe exact point at uhicli the obstruction occurs, since 
blockage at the ongui of a vessel Icaila to los^a of function of a larger 
region than i3 the case nhcii the obstruction is .situated mDrodistally 
or incolves only a kUigte branch. VAfiations in the clinical picture arc 
also produced by the lariabihty of the distribution of the arteries. 
The Internal Carotid Artery. 

Obstruction of the internal carotid artery, if it rwiclics the circle 
of IVilhs, causes blindness of the corrcspomluig e^v, irith retinal 
ischaemia, hemiplegia, and loss of spatial and discriminative seitsL 
bihty on tbe opposite side of the bttly, aiul, uhen tiie lesion is on 
the left side, aphasia, both receptive and expressive. If, houever, 
the ohstructioa is too low to interfere uith a eollatcml circulation 
through the circle of IVilUs, focal signs may bo slight but oicntal 
confusion and, in tbe case of left-sided lesions, aphasia, may be tho 
most prominent s^ioptoms. 

The Anterior Cerebral Arter>'. 

This long vessel may undergo occ-lusion at a number of different^ 
points irith a corresponding variety of sniiptoms. TJie fuUuu ing are 
the most important of these: 

1 Obstruction at its Origin, proximal to litubiier'a Artery. Tins 
causes hemiplegia on the opi>osile side together with sensory lov» of 
the cortical type m the jiaralyscd lower Itmb. WJien the lesion is on 
the left side there is In odebtion some mental cletcriomtion, with 
verbal aphasia, and apraxia on the left, nou-paralj-^ side. This 
Ia*t symptom is due to interruption in the corpus callosum of fibres 
runmng from tbe left supramarginal gjTUS to the right precentral 
convolution. 

2 Obstruction oj Ueuhntr's Artery. Since this artery supplies part 
of tho frontal lobe, together with the anterior lunb of the internal 
capsule, its obstruction leads to paralysis of the face, tongue, and 
upiier limb on the opposite ade, movements at the proximal Joints 
of the limb being more affected than Uioao at tbe distal joints. In 
addition, when the lesion is on the left side there is j-ome mental 
deterioration and verbal aphasia. 
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3. ObslrucUon distal to Heubner’s Branch. Tiiis leads to hci»ip!egia 
on tljo opposite side, tliu ueakiiobs bciug most marked ui the lovier 
limb. In addition tlierc is f(»'ccd grasping and groping in tbo affected 
upper limb. 

4. Obdrurfion of the Pumeenirat Artery This ia the branch of 
the anterior cerebral artery mIucIi 8up]>hcs tlio jiaracentral lobule 
containing the cortical centres for mo\emcnt» of the lower limb The 
result of tbia lesion 2 .s a crural 8p<tstic monoplegia on the oppasito 
side, with or without sensory loss of tho cortical tyjw in tiie affected 
low er limb. 

The Middle Cerebral Artery. 

Obstruction of thu middle cerebnil artery at its origin causes hemi. 
picgia with sensory loss of the cortical ty|)c on tho opposite side Tho 
weaknes-sis most marked in the face, tongue, and upper luiib When 
tho lesion is on tlio left side there « also total verbal aphasia and 
an imjiairmcnt of tho comprehension of sjioken and written speech. 
Obstruction of tho inferior external frontal branch which is dis* 
tnbuted to Broca's area causes total ^crl>a] aphasia with little or no 
weakness, c.xcept {los'.ibiy of the face and tongue on the opposite side. 
Obstruction of tho middle cerebral artery distal to this branch causes 
hemiplegia of tlio opposite sale, the weakness being most marked in 
tho ujipcr limb, but speech disturbances are sbglit or absent. Obstruc- 
tion of the paricto-tcmporal branch, when tho lesion ia on the left 
side, causes marked apliasla of tho recejith'o typo, w itli disturbance 
of comprehension of heard and wTiltcn sjiccch, with a speech dis* 
turbance of tlio typo of jargon aphasia. In addition, there may bo 
visual agnosia and a crossed homonymous defect of the visual ilclds, 
affecting prmciiially or exclusively llie upper quadrants 

The Posterior Cerebral Artery. 

Tiiis artery supplies tho visual cortex of the occipital lobe Its 
otchisioii, therefore, causes crossetl homonymous hemianopia. The 
macular region of the blmd fields usually escapes ovMng to over- 
lapiiing of tlio jiostenor and middle cerebral areas of supply at the 
occipital pole. 

The Basilar Artery. 

Obstruction of tits main trunk of the basiJsr artery is iisuaily 
rapidly fatal. It leads to qiiadripli^a with sensory loss on both sides 
of the body. Unilateral obstruction of the paramedian branches of 
the basilar causes cro8se<l heniiplcg^ of tho Millard-Gubler or Fovilie 
type (see pp. 10-11). If the region dex>rivcd of its blood-supply 
extends backwards to involve tlio fillet there is loss of jiostural 
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senbibility on the panib Obslructvoo of one of the Uteral 

branches' of the basUar supplying the lateral region of the jicna aho 
leads to crossed hemiplegia of the JliUard-Gubler or Fovillo tyjie, 
with the addition of anafeceia and thcrmo-anaesthesia on the 
opposite side, but without impairment of postural sensibility. 

The Superior Cerebellar Artery. 

Obstruction of the supeiiot cerebellar artery causes uiuiateral 
svmiitoms of cerebellar deficiency on the side of the lesion, together 
inth choreiform involuntary movements on the affected side. These 
are most conspicuous in the upper lirab. There are also analgesia and 
thermo-anaesthesia on theoppositesideofthe body, sincetlie superior 
cerebellar artery supplies a small lateral area of tlie pons containing 
the spino-bulbo-thalamic tract. 

The Vertebral Artery. 

The vertebral arterj* supplies the lateral region of the mcdull.a by 
the postenor inferior cerebellar artery'. Its paramedian bitinchea 
supply the pyTamidal tract, the fillet, and the nucleus and emerging 
fibres of the hypoglossal nerve. The same region of the medulla is 
supplied at its lowest level by the anterior spinal artery. Obstruction 
of the paramedian brauchea of either of theso vessels on one side 
causes crossed hemiplegia \nth loss of ])ostura] sensibility, and para* 
lysis of the tongue on the side of the lesion. 

The Posterior Inferior Cerebellar Artery. 

Tlirombosis of this artery is not uncommon and leads to a charac- 
teristic clinical picture which results from infarction of a wedge- 
shaped area of the lateral aspect of the medulla. Tlie onset of 
thrombosis is ai>sociatcd with severe vertigo, and vomiting may occur. 
There is dy spbagia and, in some ca.'ies, pain or paraesthesiae, -such as 
a sensation of hot irater running over tlic fate, may be referred to the 
trigeminal area on the affected side. There is some degree of cere- 
bellar deficiency, with nystagmus, hypotonia, and inco-onlination on 
the aide of die lesion. Ip^Oateral paralysis of the soft ^wlale.pliarynx, 
and vocal cord results from mvolvement of the nucleus ainbiguus. 
Homer’s syndrome — myosis, cnophthahoos, and ptosis — is present 
on the affected side. Dissociated sensory* loss occurs, though its dis- 
tribution is somewhat v.-inable. Usually analgcshv and thermo- 
anae&Uic»ia are present on the face on the same side as the lenion and 
on the trunk and limbs on the opposite side. This is due to involve- 
ment of the spinal tract and ntidoiis of the trigeminal nerve and of 
the si)ino-thaIaniic tract respectively. Tlie sensory los-s on the face 
may bo confined to the first, or to the first an<I bccond, divisions of 
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tlie nerve, since these regionaare represented in the lowest part of the 
spm.il nucleus, wliich may alone bo supplied by tlie posterior inferior 
cerebellar artery. Persistent neuralgic paiu in the face, on the side 
of the lesion, and sometiniea in the litnln and trunk on the opposite 
side, is not uncommonly a troublesome sequel of this vascular lesion. 
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3. INTRACRANIAL ANEURYSM 
Alocalized dilatation of an intracranial vessel which may 
cause symptoms either through localized pressure upon neighbouring 
structures, especially cranial nerves, or by sudden rupture leading to 
subarachnoid haemorrhage. 

1. Aneubysm of Cohoekital OniQtN 

Aetiology and Pathology. 

A cougenital abnormality is the commonest cause of intracranial 
aneurysm. 

‘Congenital’ aneurysms are due, as Turnbull (1014-16) and, more 
recently, Forbus (1930) have shown, to a deficiency in the media 
at the point of junction of two of the components of the circle of 
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Wilks or at a kifurcalioH of one of the tt-rebral arteries. Tiiougb 
the aneurism laay itself be congenital it is probable that it may 
tlerelop at anj* period of life on the basis of the congenital structural 
deficiency. ‘Congenital’ aneurisms may bo single or multiple, as 



Fia. 39 Congpmtal aoeui^sm of right jiustciior eominumcating 
art«y cunpresauig tlunl nerve. 

many as fite hating been described in the same individual. They 
nre most frequently encountered on the intracranial course of the 
mtcmal carotid artery, on tho middle cerebral arterv’, and at the 
junction of the anterior communicaliiig t^itli the anterior cerebral 
arteries, but may occur on any superficial cerebral artery. They 
range in size from smaller (ban a pin’s head to 30 ram. or more in 
dumeter (Fig. 39), JUcioscopically the media is extremely narrow 
and fibrous and the elastic and muscular elements are absent. 
‘Congenital’ intracranial aneut}*sms have occurred in more than 
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ono lucinbcr of tlio eaino family. They may be found at any age, 
but more than half fin,t cause symptoms between the ages of 40 
and .)o (Fcanihidcs 1016) and females suffer considerably more often 
than males. Sooner or later almost all tlicso aneurysms rupture, and 
the extravasated blood may pass into tlio subaraclinoid space, or 
into the substanco of the brain, even reaching the \entricles. 
Rupture into tJio subdunil sjMce ami even ©stemally to the dura 
has been observed by Collier. 

‘ Congenital ’ aneurysm often occurs in tho absence of raised blood- 
pres.s»re, though it is likely that a rise of Wood-pressure in later life 
may be responsible, if not for the formation of tho aneurysm, at 
least for its rupture. 

Other congenital vascular abnormalities, sucJi as uneurybiii or 
defects of tho media of abdominal arteries leading to intraperitoneal 
haemorrhage, coarctation of the aorta, and cutaneous naevi, have 
occasionally been observed in patients suffering from intracraniai 
aneurysm. 

Symptoms. 

Tho symptom.^ of congenital inlracMiiia) aneur^-sm diiTcracconling 
to w hctlicr tho patient is obbcrvcti ( 1 ) before rupture, (2) immediately 
after rupturo, or (3) after recovery from tlic nmnediate effects of 
rupture, and (4) radiography may show abnormalities 

(I) Symp(om6 Lefort Ritplure of the Aneurysm 

It is often ini[)OMihIe to diagnose an intracranial Attcuiysm before 
rupturo occurs, since it may bo too xmall to produce symptoms by 
compressing structures in its neighbourhood. However, if such 
symptoms occur, it is frequently possible to make a correct dugnosis. 
Unless the aneurism is very large, syiiijitoms of increased intra- 
cranial pressure do not occur at this stage. Headaclie, how ever, may 
be present, and tho jiatient somctiiiicB complains of tinnitus, while 
very rarely a pulsating sj'stolic bruit is audible on auscultation of tho 
skull. Apart from these variable symptoms the diagnosis of aneurysm 
rests upon evidence of focal pressure fairly sharply localized and only 
to a sliglit extent, if at all, progressive. The nature of such focal 
sjnnptoms dejiends upon the situation of the aneurism Aneurj'sms 
placed anteriorly in tiio circle of Willis may compress the optic nerve, 
leading to unilateral imiJairiuent of virion, which may bo fluctuating 
and cause transitory attacks of blmdncss in one oje, superficially 
resembling migraine. Di such cases optic atrophy and rarely slight 
papilloedema may be found in the affected eyo and exophthalmos 
may be present. Hemianopia may result from compression of one 
optic tract or the chiasma may be compm>sc<i (Jefferson 1937, 1933). 

17 
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ParalyBW of the third, fourth, or sixth cranial nerves may occur with 
or ^nthout exophthaliuoa and pain, sometimes of sudden onset, or 
anaesthesia in the cutaneous area supplied by the first division of 
the tngeiuinal nerve. Aneurysms situated on Uie cortical course of 
the middle cerebral artery are likely to causa mouoplcgia or hemi- 
plegia, and this is the only situation in which an aneurysm is 
likely to cause convulsions. Aneurysm of the posterior jKirt of tlio 
circle of MTllis, for example the posterior communicating artery, is 
likely to cause a paralj sis of the third nerve and hemianopia due to 
compression of the optic tract. Aneurysm of the posterior cerebral 
artery may cause crossed hemLinopia, owing to coincident tbrom- 
bosis of the vessel. Aneurysm of the basilar artery usually causes 
conspicuous localmng signs early. There is often a crossed hemi- 
plegia with paresis of .some of the cranial nerves originating from 
the pons on one side, and of the limbs in the opposite side. A 
somewhat similar picture is produced by aneurysm of the vertebral 
artery which, however, is less cooimon. Aneurysms of tbe cerebellar 
arteries rarely give rise to localizing signs. 

(2) Symplomt immediately /ollotciny Ruplun. 

Rupture of an aneurysm may prove rapidly fatal. In most cases, 
however, the patient sun ives, either to succumb in a few days or to 
make a more or less complete recovery, only to die from a subsequent 
leakage Efibrt is often a precipitating cause of the rupture. 

Tbe symptoms of rupture may be divide<l into (a) thoso due to 
rapidly increasmg intracranial pressure xrilh meningeal irritation, 
(6) focal symptoms, and (c) changes in the cerckro-spinal fiuid. 

(a) Tlie intensity of the symptoms of increasing intracranial 
pressure varies according to the rapidity and persistence of the 
haemorrhage Loss of consciousness occurs rapidly when the leakage 
is considerable. Vomitingis not uncommon at the onset; convulsions 
are exceptional. IVhen the patient is deeply comatose his breathing 
is usually irregular and his pulse slow. In less severe cases the patient 
may not lose consciousness completely, but may pass into a semi- 
stuporose state, lying in an attitude of general fiexion, resenting 
mterference, and confused and irritable when roused. Headache is 
severe, and the presence of blood in the subaraclmoid space produces 
signs of meningeal irritation, such as cervical rijpdity and Kemig's 
sign. Moderate pyTexia is common in this stage. 

Changes are often found in the fundus oculi. PapiUoedema is 
frequently present, though slight in amount. Retina] haemorrlingra 
occur in some cases and may he accompanied by subhyaloid or 
vitreous haemorrhages which may be bilateral. These have been 
attributed to the passage of blood from the subarachnoid space of tbe 
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optic nerves into tlie eye, but it is more probable that the haemor- 
rhages occur in the eye as tlie rissult of acuto compression of the 
central \ein of the retina by the blood in tlio optic sheaths Pundal 
changes may be absent when the leaking aneurysm is remote from 
the optic nerves. 

Other signs of bubarachnojd haemorrhage include diminution or 
loss of the tendon reflexes, and of the abdominal reflexes, and ex- 
tensor plantar responses in the absence of gross muscular weakness. 
Albuminuria and glycosuria occasionally occur. 

(6) Focal symptoms are due to compression of neighbouring cranial 
nerves by blood-clot or to invasion of the cerebral hemisphere by the 
haemorrhage. Visual fiekl defects may occur as a result of com- 
pression of tile optic nerves, chiasma, or tracts Tlie third, fourth, 
and sixth cranial nerves are likely to be compressed if an aneurysm 
is near the cavernous sinus, while aneurysms spnnging from the 
posterior part of the circle of Willis may jiroducc IV'eber’s syndrome, 
paralysis of ono third nerve, with ‘crosscil’ hemiplegia, or Milknl* 
Gublcr’s symdronie, facia) paralysis with ‘crossed’ bemipJcgia, 
Haemorrhage from an aneurysm at the junction of the anterior 
cerebral and anterior coumuuiicating nrtenes is apt to invade the 
frontal lobe and may cause mental impairment, hemiparesis, and, if 
on the left side, motor aphasia Leakage from an aneurysm on the 
cortical course of the middle cerebral may cause epileptiform con- 
vulsions and a monoplegia, while rupture of an aneurysm on the 
cortical course of tiie posterior cerebral may cause a crossed liomony- 
mous hemianopia as a result of haemorrhage into the substance of 
the occipital lobe Or thrombosis of the artery. Leakage from an 
aneurysm of the basilar artery may lead to quadriplegia or to one of 
the various forms of ‘crossed’ paralysis, and head retraction is likely 
to be conspicuous when the liaeiuorrhago is derived from an aneurysm 
in the posterior fossa. Herpes zoster is an occasional sequel of 
subarachnoid haemorrhage. 

(c) The. Cerebro-apinal Fluid Subarachnoid Iiaemorrhage causes 
characteristic changes m thecerebro-spinalfluid, the pressure of which 
is raised at first In the first tw o or three days red cells are present, and 
the supernatant fluid exhibits a yellow coloration which persists for 
from tw o to three w ceks. The protein content of the fluid is raised, 
though rarely above Od per cent Imtation of the meninges by the 
extra vasated blood leads to a pleocytosis consisting usually of mono- 
nuclear cells, though rarely polymorphonuclear cells may be present. 

(3) Symptoms peraisiinQ after recovery from Rupture. 

Recovery from the effects of ruptute of an intracranial aneurysm 
may be remarkably complete, though headache is a common sequel. 
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Often, however, jKnnanent damage b done by tlie baemottluge aud 
remami aj eridencc nhich may be misinterpreted tf the patient is 
first seen ysme time after the rupture- 

If intra-ocular haemorrhages hare been severe reco\ery of vision 
may be incomplete, and defects of the visual fields may persist after 
haemorrhage m the region of the optic thiasma. There may also be 
some permanent weakness of cranial^ nerves wliich hai, e been com- 
pressed. If the haemorrhage has Invadal the cerebral hemisphero 
complete recovery from this lesion b not likely to occur. \Yhen the 
frontal lobe lias been damaged there may be permanent mental 
changes which may even necessitate treatment at a mental ha-pital. 
Apliasia, bcmiparcsis, and hetnianopia aro aI»o occasional sequels. 
Rarely troublesome root pains may remain as a result of irritation of 
the spinal roots by the eatravasated blood. 

(4) Radiography. 

X-ray examination of the •>kull may demon.'trato caldficatlon in 
the wall of the ancuiysm as a fine dense ring, or localizc'd crooion of 
bone, e g of the cllnoid processes on one side or enlargement of one 
optic foramen when the aneury'sm b retro-orbiul. Angiography uitb 
thorotrast may show its exact portion. 

Diagnosis. ... 

If an aneuij-sra gives rise to svmptoms before rupture it U most 
likely to be confused with intracranbl neoplasm. S>7nptoms 0 i 
increased intracranial pre&>ure are rare, however, at thb stage, aud 
symplom.v of focal prejwure are usually strictly localized and very 
slowly progrcs.«ivo. Immediately after rupture the .■•yuiiptoms of 
meningeal imtation associated with pyrexia may simulate mcningitb. 
Thb, however, b easily dbtingubhed by lumbar puncture, which 
indicates the presence of subarachnoid haemorrhage. Intracraiual 
aneurysm requires also to be distinguished from other c’onditions 
causing coma (see p. 30?) and from other conditioas in vihich sub- 
arachnoid haemorrhage occurs. This b occosioiuiliy found in ex- 
ccptionallyacutcfonnsofcnccphdljtb, but in such states the blood is 
Ukely to be present only' in small amounts and there will be ^evidence 
of (Iifruse lesions of the nervous system. Traumatic suLktrachnoid 
haemorrhage b usually c.-vsi{y' rcco^iizcd through the hbtory. Intra- 
cerebral haemorrhage due to vascnilar degeneration assod.'itcd with 
high blood-ptcssure may reach the aubanvchnoid sjMce cither by 
rupture into the ventricular system, or, more rarely, to the siirfac-c 
of the brain. Such patients ustudly exhibit hemiplegia, w hieh b rare 
in intracranial aneurysm, and a rai-<sl blooil-prfs.suro and artcrbl 
degeneration which are not neccsicanly assoebted with it. ilorcovcr, 
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\v ht'ti anbarnclmoitl liaemorrl>age is secondary to intracerebral bleed- 
ing the patient is more deeply comatose than is usually the case in 
ruptured intracranial aneurysm. Subarachnoid haemorrhage may 
occasionally be derived from a cerebral angioma, but this has usually 
previously yieldcil evidence of existence in the form of convulsions, 
hemiplegia, or signs of increased intracranial pressure, and may often 
be distinguislied by the calcification within the tumour which is 
apparent in radiograms, lliiptnre of an embolic ancurjsm may lead 
to a clinical picture mdistinguishable from that which occurs when 
a congenital aneurysm is resjionsiblo for the haemorrhage. Tiio 
former, howei er, is associated w itli progressive emlocarditis or some 
other cause of chrome pyaemia, and its embolic origin is often 
associated witli the sudden development of hemiplegia Finally, 
spontaneous subarachnoid haemorrhage due to artenal degenera- 
tion without aneurysm formation may occur and may be suspected 
when augiograpliy gives negative results. 

Prognosis. 

The prognosis of congenital intracranial aneurysm is alwajs un- 
certain Sooner or later 80 per cent of these aneurysms rupture 
Tlio first rupture may prove fatal or the patient may survive a senes 
of such leakages, even as many os five. One patient of the author’s 
died at the age of 23, w ithin eight hours of the first rupture , another 
had his first attack of subarachnoid haemorrhage at the age of CO 
and made a good recovery from his fifth at the ago of 70. There 
is a tendency for the interval between successive haemorrhages to 
become shorter. The prognosis as to recovery from a given attacJi 
of subarachnoid haemorrhage must be based upon evidence as to 
whether the haemorrhage has been arrested. Increasing depth of 
unconsciousness, rising pulse and respiratory rates, and increasing 
fever are bad signs, and prognasis is worse when the cerebral hemi- 
sphere has been invaded If, after the liaemorrhage appears to have 
stopped, the patient fails to show signs of improvement within 
forty-eight hours, the outlook is bad. Even after reeov'ery from 
the immediate effects of rupture symptoms of damage done by the 
haemorrhage may persist, os described above. 

Treatment. 

If the diagnosis of intracranial aneurysm is made before rupture 
the patient must be enjoined to live a quiet life, as far as possible, 
and avoid any’ activity likely to raise the blood-pressure. Tlio bowels 
should bo regulated to prevent straining at stool. 

After rupture has occurred lumbar puncture must bo employed to 
reduce the raised intracranial pressure and to remove some of the 
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blood wliicb is irritalii)}j tlioiuoiuiigi^. Lumbar piincliire is not free 
from the risk that the withdrawal trf cerebro-spinal lliiici may cause 
a recurrence of the haemorrhage, hut this risk must sometimes he 
taken. The fluid should, however, he allowed to e.scape only very 
slowly, and until the pressure is nonnal or until it runs at the rate of 
about one drop a second. Lumbar puncture should not he rcjieatcd 
at regular mterrals, but only as the condition of the patient necessi- 
tates 

The recta] administration of 8 02 . of 25 per cent, solution of mag- 
nesium sulphate is often helpful. 

Itlicn the presence of an intracranial aneurism is susxiectcd an 
attempt should be made to localize it by angiography as soon as 
possible. Ligature of the aficrent artery* should alw ays lie considered, 
but earned out only with duo precautions (JcfFcnon, 1D37). 

2. Embouc Isnucavs-ui, A>?mnv\SM 

Emhohe aneurj'sms are less than half as frequent as thewe of con- 
genital ongm and are rare after the age of 45. They arc due to the 
impaction m a cerebral v c&'^l of an etuboJus bearing organisms of low 
vinilence The aneurysm is the result of infective softening of the 
vessel wall. More virulent organisnis usually cause cerebral abscess 
or meningitis. The embolus usually lodges in a cortical branch of one 
or other middle cerebral artery, the nght and left being involved 
with equal frequency. Leas often the main trunk of the mtildle 
cerehral artery or the anterior cerebral artciy is affected. Emliolic 
aneurysms elsewhere in the inlracrania] circulation ore rare. Pro- 
gressive endocarditis is the commonest cause of embolic ancurjsni, 
which may, however, ho a complication of other chronic forms of 
septicaemia and pyaemia. In most coses the aaeury.-vni subsequently 
ruptures m the same mann er as a congenital aneurysm. 

The lodgement of the embolus is often the occasion qf a ‘stroke’ 
and is followed by a hemiplegia or monoplegia. The signs of pro- 
gressiv e endocarditis or of some other pyaemlcsource for the embolus 
are usually evident and emboli may occur eUcwhere 111 the body. 
Rupture of an embolus aneury sin leads to subarachnoid haemorrhage, 
the s^uoptoms of which are the same as those w Inch follow rupture of 
a congenital aneurysm. Treatment of rupture is the same in both 
conditions, but the prognosis in embolic aneurism is always ^ave, 
since even if the patient survives rupture of the ancutysnv the causal 
pyacmic condition usuaUy proves fatal. 

3. Caeotid-Cavebsocs Simjs ASEtnivaji 

Artenovenoua aneurysm {woduced by rupture of tlio internal 
carotid artery into the cavernous riaus may arise spontaneously or 
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may follow head injiiry with or without fracture of the skull. It 
is probable that in traumatic cases there is often a pre-existing 
aneurysm of tho internal carotid which ruptures into the sinus. The 
resulting clinical picture is highly distinctive, consisting of unilateral 
pulsating exophthalmos, with oedema of the eyelids, conjunctivae, 
and cornea, and sometimes iMpillocdema. There is a loud systolic 
murmur, audible to the patient and on auscultation over tlio tem- 
poral region or even over tho wliolo skull, and suppressiblo by com- 
pression of the ipsilatcral carotid artery. There is complete or partial 
ophthalmoplegia of tho affecteii oyo The other eye may become in- 
volved, blood at arterial pressure being carried by the circuLir sinus 
to the opposite cavenious sinus Ligature of tho corresponding 
carotid artery has been successful in diminishing the symptoms in 
some cases, but is not without risk of leaving a residual hemiplegia 

4. Other Causes op Intracranial Aneurysm 
Other causes of intracranial aneurysm are extremely rare, though 
examples undoubtedly duo to pcriartentis nodosa, to atheroma and 
to syphilis havo occasionally been described Tho characteristic 
syphilitic cliange of the small clastic and muscular arteries, to which 
group tho intracranial vessels belong, is an obliterative endarteritis, 
a fact which probably explains the rarity of sj’phihtie intracranial 
aneurism. Most of tho vended s^'phihtic aneurisms havo been 
Situated upon tho basilar arler>% which, as Fearnsides suggests, is, 
on account of its size, less hkcly to ))0 obhtcratcd by intlmal proli- 
feration and more likely to develop local weakening of its wall than 
the smaller intracranial vessels. If there is rca-von to suspect that 
an intracranial aneurysm may bo caused by atheroma or syphilis, 
tho proper treatment for these conditions sliould be carried out. 
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4. CEREBRAL cVRTERIOSCLEUOSIS 
AeUoIogy and Patliofogy. 

Tho term ‘cerebral arteriosclerosia’ is usually linntcd to degenera* 
tive changes in the arteries of the brain. Strictly interpretcU( hoir* 
ever, as arterial thickening it occurs also in iullammntory conditions. 
The followmg arc the most important causes of arteriosclerosis: 
(1) PntTiary dtgcniration of Ou intinui. This takes the form of 
atheroma. There is degeneration of tho intima nith the production 
of fat debris and some reactionary fibro»is. Calcihcation may occur in 
the degenerated area. There is usually sonic medial degenemtion.' 
The causes of iirmiary atheroma are little understood. It occurs pnn- 
eipally in late middle age and ok! age, jet some very old individuals 
may show htUe or none. Metabolic diseases, such ns diabetes, also 
cause atheroma. (2) Dtgemradoa etcoRdary lo high llood-prwsure. 
High blood-pressure is associated inth byjiertrophy of the media of 
the arteries and the hypertrophied media undergoes degeneration, 
.-itheroma occurs partly as a result of medial degeneration and partly 
as the effect of therais^ blood-pressure itself. (IJ) Endarttritis causes 
thickening, especially of the intima. The only common cause of 
cerebral endartentia is syphilis. This condition is therefore more 
fully described in the section on syphilis of the nervous system. 
(4) Thrwnbo-angeUU oUUeram is an inflammatory disease affecting 
all the coats of the blood-vessels and leading to tlirombosi.<<and fibrous 
occlusion of the lumen. The disea'-e is generalized throughout the 
blood-vessels, but cerebral symptoms, though they occasionally 
occur, are rare, (o) Periarientis nodosa Ls also a rare cause. 

Tlie effect of progressive occlu^n of the cerebral blood-iessels 
w an impau-nient of circulation in the regions they supply. As a- 
reault of this, impairment of cerebral function occurs before any vessel 
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is completely blocked. At tin's stage a patcby degeneration of cortical 
cells and of iiervo-tracta, leading to diaseniinated areas of atrophy, is 
found. Actual obstruction of arteries by atheroma, with or without 
subsequent tlirombosis, causes softening of the region of the brain 
siii)plied by the vessel. These areas of softening may be large or small, 
single or multiple. In tJie early stages theaoftened patch is ivJiite or 
rod and later becomes jellow. The ner\'e-oella in the necrotic area 
degenerate, and in the surrounding tissues there is neuroglial over- 
growth with uifiltratiou, especially by com{K)und granular corpuscles 
The late result is a neuroglial scar or a c^’stio cavity. 

Degencrati\ o cerebral arteriosclerosis is chiefly a disease of late 
middle life and old age, though it may be encountered much earlier, 
even at the age of 40 The sevea are equally affected, and it is not 
uncoiniuon to meet with a familial jiredisposition. 

Symptoms. 

Progressive cerebral ischaemia due to arteriosclerosis ieads to 
impairment of cerebral function before actual blockage of vessels 
occurs The course of the disease is complicated, houever, by the 
occurrence of small or largo areas of cerebral softening duo usually to 
cerebral thrombosis 

The onset of tlio disease is often insidious and its course slonly 
progressive, or there may be apoplectiform attacks of varying 
seventy leaving residual focal symptoms. The symptoms diifer also 
according to the part of the brain mamly aHected. Thus mental 
symptoms may overshadow motor distiu-bances, or vice versa, or 
both may bo combmed. 

3IcntaI symptoms in milder cases consist of a general reduction 
in intellectual capacity with iDi)>airnient of memory, especially for 
recent events, and emotional instability. There is a marked tendency 
to remmisccnco and confabulation may occur The patient becomes 
belf-centred and liostile to change in all forms. In more severe cases 
loosely constructed delusions occur and there is often a paranoid 
trend. Depression is not uncommon and there may bo attacks of 
confusion, which arc apt to be precipitated by removal from homo 
and by operations, for e\ample, for cataract or for removal of the 
prostate. Still greater deterioration leads to a profound dementia 

(SCO p. 000). 

Epileptiform attacks arc common and may take the form either 
of petit mal, of Jatksoiuan or uncinato attacks, or of generalized 
epileptic fits. Various forms of aphasia and apraxia are met with 
Pyramidal lesions may take the form of monoplegia, liciniplcgia, or 
double hcniiiilcgia leading to ono variety of pseuilo-biilbar jMlsy. 
Paraplegia of cerebral origin may occur. The grasp reflex may bo 
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encountered in one or both hands and feet, with or without slight 
pyramidal involreraent. Senile tremor is common and athetosis 
may occur. Generalized chorea is exceptional, but unilateral chorea 
due to softening in llie region of the hj-pothaLmiic nucleus is less 
uncommon. Arteriosclerotic Parkinsonisni is also seen (see p. 5IS). 
Cerebellar sjudromes are sometimes met with. Visual impairment 
is common as a result of retinitis or retina! renous thrombosis or 
thrombosis of the central retinal artery. Less frequently it is due to 
softening mvolving the optic radiations or xisual cortex, and I have 
seen complete blmdness produced by bilateral occipital softening. 
General arteriosclerosis is usiiaUy well marked. The hlootl-pressure is 
high in the hyperpictic group, but hltle, if at all, niLied in patients 
with the decrescent tj-pe of arteriosclerosis. 

Diagnosis. 

Cerebral arteriosclerosis may simulate iniraeranlal (umaur. Its 
course, however, is more Huctuating and intemipted by apoplecti- 
form incidents. There is usually evidence of multiple lesions and of 
arteriosclerosis in other furts of the body. IVlicn, however, arterio- 
sclerosis finds e.vpression in a progressive focal lesion associated, as is 
sometimes the case, with papiUoedema, the diagno«i5 from tumour 
may be extremely difficult and ventriculography may be necessary. 
General parahjsii usually develops at a much earlier ago than cerebral 
arteriosclerosis, which, however, it may simulate eiUicr on account 
of the mental deterioration or because of the occurrence of congestive 
attacks leaffijig to hemiplegia. The presence of Arg;>n Ro^rtson 
pupils and of a positive Wasacrmann reaction in Uie blood and 
cerebro-spinal fluid renders the diagnosU easy. Alzheimer's disease 
also begins at an earlier age tban mo»t ca&ea of cerebral arterio- 
sclerosis Tbe dementia 13 more profound mUie former tiiauia usually 
the case in the latter. The early signs do not include ji^iTaniidal 
lesions and evidence of general arteriosclerosis w usually lacking. 
Pick’s disease coincides with cerebtal arteriosclerosis in its age inci- 
dence Mental changes ending in dementia and speech disturbances 
are more prominent in the former, ^whiie signs of pyramidal lesions 
and of general arteriosclerosis are usually lacking. (Sec also 
pp 002-3 ) 

Prognosis. 

The general course of cerebral arteriosclerosis is a progressive 
deterioration. Casesvarygreally.howevcr.according to the situation 
of the principal lesions. The downward course may he accelerated 
by focal disturbances such as hemiplegia. On the other hand, tliero 
is often a considerable degree ofrecoverj' from these episodes. For 
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exaiii[)lL*, a patient feufTering from cerebral arteriosclerosis may pass 
into a confiisional bt<\to necessitating certification, ami after a jjeriod 
of weeks or months may make a good recovery. Tlio course of the 
di^oabo 13 meafetircd in years, and in the terminal state the patient is 
bedndden, with a variable degree of dementia, with or without hemi- 
plegia, pbeudo-hulhar palsy, arteriosclerotic Parkinsonism or similar 
phjbical concomitants. Death occurs in coma from cerebral throm- 
bosis or from simple inanition or from some intcrcurrent disease, 
sucJi as broncho.pneumonia or urinary infection. 

Treatment. 

Treatment is mainly symptomatic, since little can bo done to arrest 
the deterioration of the blood-ve&seJs. Tlje^iaticnt must lead a quiet 
life, avoidmg both mental ami physical e.\ertion. Potassium iodide 
is the most useful drug and may bo given in conjunction with small 
doses of thjTOid extract. Epileptiform attacks are usually well con- 
trolled by phenobacbita! and tbo bromides, and these drugs arc also 
useful in the treatment of insomnia and of mental excitability. 
Focal symptoms will require appropriate treatment. 

{Itt/ertncti, tee p. 313 ) 

5. CEREBR/VL HAEMORRHAGE 
Aetiology and Patliology. 

Tntracrani<il haemorrliage may bo venous, capillary, or arterial. 
Little is known about intracranial venous haemorrhage, but it has 
been regarded as the cause of acuto cerebral lesions during w liooiung 
cough and may occasionally occur in other circumstances. Capillary 
or petechial liacmorrhagcs are found iiia variety of toxic and infective 
conditions, for example in salvarsan poisoning, in acute infiammatory 
states, such as the various fonns of acute encephalitis, in septicaemia, 
and in any form of severe nnacmia and in thrombo cytopenic 
purpura. Haemorrhage may occur into a cerebral tumour, for 
example a glioma, or one of tho vessels composing an angioma may 
bleed, either into the substance of the brain or into the subarachnoid 
space. Severe trauma, especially if it involves fracture of tho 
skull or penetration of the brain by a missile, la likely to cause 
liaeiuorrhage, w Inch may be cither venous, capillary, or arterial. 

Arterial haemorrhage may bo extradural, subdural, subarachnoid, 
or intracerebral. The first three arc described elsew'herc. The 
commonest cause of intracerebral arterial haemorrhage is rupture 
of an atheromatous artery m an indivkliial buffering from high 
blood-pressure. The rise in blood-presaure is usually due to primary 
hyperpicsia, much less frequently to chronic nephritis or congenital 



300 DLSOKDERS OF THE CEREBRAL CIRCCLATION 
cjstic kidiiey. The arterial d^eneration is clo»eIy Iwtuid up with 
the rLe of blood-prcabiire. Acconiing to Turnbull, the first cliango 
in the arteries m this condition u liypertrO])ljy of the meilia. The 
hypertrophied media undergoes degeneration, arul fltlieroma of tho 
Ultima occurs aa a result, partly of the raised pressure and jKirtly 
of the degeneration The result is a thickened but brittle vessel. 
Jlihary aneurysm.^ have often been described on the cerebral vessels 
in artenostlerosis, but their eaistence is doubted by some modem 
authorities. 

There are thus two faetoia in the causation of arterial cerebral 
haemorrhage, the degeneration of the vessel and the raised blood- 
pressure. The former va the absence of the Utter is likely to lead .to 
thrombosis rather than haemorrhage, while haemorrhage docs not 
necessarily occur even when the bIoo<l-prcssurc U very high, unleai 
vascular hiTJertropUy has given place to degeneration. Thisaccount, 
however, proliahly is too simple and there are other unknown factors 
{Stem, 1938) Moreover, cerebral haemorrhage occasionally occurs 
in theabsence of high blood-pressurc probably as a result of develop- 
mental vascular abnormalities (Elkiiigton, 1933). 

Most ca.sc3 of cerebral haeoioniiago arc fouml in Intc middle life. 
It u comiiaiativcly rare in younger hypcrplctics and the vascular 
changes of old age more often lead to thrombosis »ncl cerebral soften- 
ing Males are more frequently affected than females. A iamiJial 
incidence is common. 

C'erchral haemorrhage may occur in any situation, but it is es- 
pecially common in the region of the uitcmal capsule and pons. Tho 
blood-clot may remain encapsulated in tlie brain or may burst into 
one lateral ^entriclc, or, much leas frequently, superficially into Iho 
subarachnoid space. 

Alter a large intracerebral bacmoirhago the affected hcmisjiheni is 
larger than the opposite one and the convolutions arc tlattenud. 'flie 
site of haemorrhage is occupied by a ml clot and the surrounding 
tissues are compressed and may' be oeilematous. Later the dot is 
ab.sorbcd and may be replaced by a neuroglial scar or by a cavity 
containing a yellow serous fiuiJ. During absorption ofthoclotgiiosis 
takes place in the w.alls of the cavity with phagocytos.U of<Ic»troyed 
neural tissue by compound granular corpuacles. Multiple Imcmor- 
rhages are not uiic-ominon. 

Symptoms. 

Tho occiuTcnoo of cerebral haemorrhage is always •-udilen, but the 
p.iticnt may be known to have a high biood-pressiiru and there may' 
have been premonitory symptoms, such as tran'itoiy sjicecli tlis- 
turbanccs or attacks of w caknes of a limb. The actual nipture of the 
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The-'C movemenUdonot occur on the panJp>ed side. The absence of 
such moreincnts, however, may aLo be due to hetnianalgcaia. Tliis 
njay often be demonstrated by the fact tliat reflex contraction of tlie 
facial muscles occurs w hen the patient is prieJeal on one side of tlio 
body, the norma] side, but not when he is pricked on the analgesic 
side. The tendon reflexes are variable. They may be much diminished 
or abolished on the paralysed side ; sometimes they are exaggcratcil. 
The plantar reflex on the affected side U extensor ; on the normal side 
it may be flexor or extensor. The abdominal reflexes are often lost 
on both sides in coma. Retention orincbntioence of urine and faeces 
are the rule as long as the patient is nnconscious. 

Ponttnf Ilatmorrhage. 

If the patient is seen soon after the onset of the haemorrhage, the 
signs may be those of a unilateral lesion of the pons, namely, facial 
parah sis on the side of the lesion trith flaccid parah sis of the limbs 
on the opposite side. Owing to paralysis of conjugate ocular deviation 
and of rotation of the hea<l to the ride of the lesion the patient lies 
with lus bead and e^es tamed tonanls the side of the paralysed 
limbs Even nben the signs at the outset are those of a uniiatcral 
lesion of the poos, extension of the haemorrhage soon invoii es the 
opposite side, or the signs may be bilateral 1mm the beginning. WTicn 
both sides of the pons are thos affected there is paralysis of the face 
and limbs on both sides, with bilateral extensor pbntar re(le.xes. 
Marked contraction of the pupils, 'pinpoint pupils', the result of 
bilateral destruction of thcocularei'iupathelic flbrvs, is characteristic 
of a pontme haemorrhage. Jforeover, destruction of the poas cuts 
off the body from the control of the heat-regulating centres in the 
hypothalamus, and the patient becomes poikilothcrmic. Since much 
care is usually taken to keep an unconscious {laticnt wann, his 
temperature gradually rises and may reach a high level. 

Haemorrhage into the Yenirides. 

It is not imcommon for a haemorrhage in Uic region of the internal 
capsule to burst mto the lateral ventricle. If the patient is not seen 
until after this has occurred it may be diflicult to differentiate intra* 
ventncular from pontine haemorrliage. After >cnlricular haemor- 
rhage coma deepens and signs of a pyTami'dal lesion are usually 
present on both sides of the body. There is often a tendency for the 
upper limbs to adopt a posture of rigid extension. Tlie tcrajeniture 
frequently exhibits a terminal rise, also seen in pontine haemorrhage. 

The symptoms of cerebral haemorrhage in other situations an? 
those of a ma&sii e focal lerion and are aiiuilar to the focal byaujitoms 
of a tumour in the same region (aee p. 214). 
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The tetebio-spinal fluid aRcr cerebral liaemorrhnge is under in- 
creased pressure and its jirotciii conteat may bo sonicwliat raised. 
The presence of blood in the fluid indicates usually that the haemor- 
rhage has ruptured into the ventricular system, less frequently that 
it has come to the surface of tlje brain and ruptured into the sub- 
arachnoid space. The heart is usually enlai^ed and the blood-pressure 
raised and the superficial arteries may l>o thickened and tortuous. 
Albuminuria may bo present, and glycosuria is a not uncommon 
result of the cerebral lesion. 

Diagnosis. 

Since in the early stages of cerebral haemorrliage the patient is 
usually comatose, it is necessary to differentiate this from other 
causes of coma. 

In cerebral thrombosis tlio onset is usually much luoro gradual than 
m cerebral haemorrhage, and the symptoms may increase in severity 
for tMcnty-four op even forty-eight hours. Unconsciousness is less 
common and when it occurs usually less profound The blood- 
pressuxo is lets frequently raised, and there may bo evidence of pre- 
existing disease leading to vascular damage, for example, syiihihs or 
diabetes. 

The onset of cerebral embolism is more sudden even than that of 
haemorrhage, though after the onset the symptoms may increase m 
severity OMing to tlic development of cerebral oedema or of throm- 
bosis In the affected vessel Unconsciousness occurs loss frequently 
than in haemorrhage, and the source of the embolus is usually dis- 
coverable. 

-Swfiarac/moid haemorrhage from ruptured intracranial aneurysm 
usually occurs at an earlier ago than intracerebral haemorrhage 
Signs of meningeal irritation are prominent, ami focal signs of 
destruction of cerebral tissue are usually, though not alu ays, absent. 
Blood is found in the ccrebro-spinal fluid, and, though this may occur 
in intracerebral haemorrhage, in tlio latter condition hemiplegia is 
usually present in such cases and coma is more profound than is 
usual in subarachnoid haemorrhage. 

Coma, when it doveloja in a case of iiUracranial tumour, usually 
does so gradually, though haeiuorrhage into a tumour may cause 
rapid loss of consciousness A history of symptoms of increased 
intracranial pressure, especially headache, is usually obtainable and 
papilloedcma is likely to be present. Signs of vascular disease are 
usually absent, but diagnosis may be extremely diificult when a 
tumour develops late in life m a patient who also suffers from hyper- 
ptesia. 

When head injury is the cause of couia there is usually a history of 
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injury ninl then; may be brtiUiiig of the scalp or signs of fracturo 
of the base of the skull, such aa bleeding from the car or bleeding or 
discharge of cerebro-spiaal fluid from tlie nose. It must be rcineni- 
bered, houeser, that a patientaiho becomes unconscious from some 
other cause may injure his head in failing. In slighter ca.<s of bead 
injmy complete uneonsciouanes^is usually brief and is followed by 
a stage of ‘traumatic delirium’ in which the jviticnt is confu>cd, 
complains of headache and photophobia, and lies curled up in bed 
rc.'enting mterfercnce. Traumatic intracranial arterial haemorrbage 
leads to progrc»sucly deepening coma with signs of a focal lesion 
of one hcmisiflkcre, often beginning with conimlsiona and leading to 
hemiplegia The unconsciousness due to concussion may jiass with- 
out mtcmiption mto that due to liacmorrhage, or there niai' be a 
lucid interval in which consciousness is recovered anti the jiaticnt 
Ls ajijkirently normal. This inten al may Lst fur se^ end hours before 
unroiusciousiiCKi agam de\elo(». Subdural haeinatoma h a lato re> 
suit of hcatl injurj" liable to develop, especially in the elderly, weeks 
nr even month'* after an accident. Jt is chanu-tcrized by hcndacho 
and ultimately uncoiisciousite?.'*, which often fluctuates in depth. 
I’apilloedema and signs of focal cerebral coiDjirefCsjon aro oRen 
pn*scnt hut may l« ab-ent. 

In a vascof po.il.tpilepl!ecoina there is usii-dly u history of epilepsy 
or at hast of tlio fit which preceded the coma. In the absence of this 
infuniiation scars on the face or a bitten tongue may provido a clue. 
Focal signs of a cerebral lesion are abscul, but the plantar reflexes / 
mac be uxten.*or. .\ftcr a single tit the period of unrcn.'^ioiisncss is 
usually short, not more than half an hour, but status epilcpticus may 
lie followed by prolonged couui. 

In dialxtie evrna the (wlicnt is usually wastcil and p<ile. Both the 
rate an<l amplitude of the respirations urv mudi increaKd and the 
ocular tension is vtiylow. The reaction of the pupils to light iiwy be 
lost even while the (latient can still be roicsetl. Large qii.inlitie» of 
sugar are demonstrable, together with diacetic acid and acetone, in 
the unne. and the blood-sugar is much raised. 

lI'jlMjgiyirattnie Coma U ea.sily recognized if it is due loan overdose 
of insuhn which the patient is Loowti to be taking. Occasion illy, 
however, ficxvistent h^pog) 3 caenti.-i occurs cm a result of exrc«iivo 
pruluctioi) of insulin b^' a tumour coin{K>acd of cvlU of the ivLimls of 
Langerhans of the juncreas. In such cosc-s fainting fits or coiinilsions 
mav‘ jireccvJe the onset of coma. The diagnosis can onlv' bo in.idc b^' 
an examination of the blood-sugar, wbkh is found to l>o cxtreiiiolv' 
low- Thu investigation, therefore, sliould always be carried out in 
ca.-w^s of coma, the cause uf which is ubacoire. 

IJtfperUiuite enccjtf^JopalAy may lead to coma in acute ncpliritLs 
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eclampsia, and malignant hyjKnteiision. Convul&ions and headache 
are common, and papillocdema with or without oedema of the retina 
is found. Transient cerebral symptoms including blindness, aphasia, 
and hemiplegia may occur and ace associated with raised blood- 
pressure. The retinal changes, convulsions, and fluctuations in the 
symptoms are tfao distinctive features. 

Uraemic coma may occur in chronic ne])liriti8 and other conditions 
causing renal destruction. In chronic nephritis, headache, vomiting, 
dyspnoea, and muscular tuitcliings or generalized conmlsions pre- 
cede coma. Cardiovascular hypertrophy is present and the blood- 
pressure is raised. Albuminuric retinitis is common. Albummuria is 
inconstant, but the specUlc gravity of the urine is usually low. Urea 
excretion is much iinpaire<i, and the urea content of the blood and 
cerebro'Spuial fluid is greatly raised and usually lies betw ecu 100 and 
500 mg. per 100 c cm. 

Acute alcoholic coma follows the milder symptoms of alcoholic 
intoxication. The patient, though unconscious, can usually bo roused 
to some extent. The pulse is full and the respirations in the earlier 
stages deep. The pupils arc usually dilated and react to light, thougii 
this reaction may be lost if the coma is very profound. Alcohol can 
be smelt m the breath and demonstrated by clicmtcal tests in tlie 
urine, but it must be remembered that alcoliol may be given to n 
patient who is becoming comatose from some other cau&o and also 
that an intoxicated individual may fall and sustain a head injury 
Evidence that the patient has taken alcohol does not necessarily 
meun-tliat bis unconsciousness is due to alcoholic poisoning. 

Opium Poisoning. In coma duo to opium poisoning tho patient is 
pale and often eyanosed. Tho skin is cold and tho temperature sub- 
normal. Respirations are slow and feeble. The pupils are much 
contracted and fail to react to light. 

In poisoning witli other sedative drugs, such as chloral, sulphonal, 
barbital, and pheno- barbital, the picture resembles opium poisoning, 
except that the respiratory rate is often raised and the depth of 
respiration increased and the pupils are usually moderately dilated 
and react to light either slug^sbly or not at all. HaematoporphjTi- 
nuria may be present in sulphonal poisoning. 

In hysterical trance the patient, though apparently unconscious, 
usually shows some response to exteninl stimuli. .i\n attempt to 
elicit the comeal reflex often causes a vigorous contraction of tJio 
orbicularis oculi. Rigidity of the hysterical type is often present and 
any attempt passively to o> ercome the ri^dity excites a proportional 
increase in the stiffness which resists tlie observer’s efforts. Signs of 
organic disease in the nerroas system are absent. 

Hypersomnia due to a lesion of the hypothalamus is distinguished 
X 



306 DISORDERS OF THE CEREBR*^. CIRCULATION 
by tLe fact that the patient can be rouseil and ia then temporanJy 
relatively normal, the condition resembling profound sleep. 

Coma in acute eneejiIiahliaa7tdmenitigUisi^ usually easy todiagnose. 
It usually occurs in children and young adults and is preceded by the 
symptoms of acute infiamniation of the brain or its membranes, 
signs of vv bich are found on examination. Cliaractcristic changes oro 
usually found in the cerebro-spmal fluid. 

The ‘congestive attacks’ ot general parabjaU m&y simulate cerebral 
haemorrhage cloocly owing to the rapid onset of henuplegia with loss 
of consciousness. Other signs of general paralysis, csjieciaUy Argyll 
Robertson pupils, are usually present, and examination of the cerebro- 
spinal fluid and the blood Wassermann reaction .settles the diagnosis. 

Prognosis. 

The immediate problem in the case of cerebral haemorrhage is 
whether or not the haemorebage will prove fatal. Death may occur 
from medullary anaemia as a result of continuance of the bleeding. 
Even if tl^ bleeding stops, (he destruction of braio.tissue and rise of 
intracranial pressure may cause the patient to remain unconscious 
so long that adequate feeding is impossible and be dies of e.\haus« 
tion or from an intercurrent infection, such os pneumonia. When 
haemorrhage continuesdcatlimayoccurrapidly, though rarely' in less 
than a few hours, usually during tbo Erst two days. The patient may 
linger in a comato!>e condition for as long as a week. If tho haemor- 
rhage IS continuing there is a progressive dce])eiung of the coma, 
indicated by inabdity to rouse a formerly reapontive patient and loss 
of the corneal and pupillary reflexes ; the pulse tends to become rapid 
and irregular; the respiratory rale is often irregular and finally' 
becomes rapid and shallow, and boUi the temperature and the blooil- 
pressure tend to rise. 

Bilateral paralysis of limbs is a sign of bad prognostic import, 
because it mdicates either ventricular or pontine haemorrhage, both 
of which are usuallyfata). A haemorrhagic cerebro-spinal fluid usually 
means a ventricular haemonhage. If the patient show s no signs of 
recov cry from coma forty’-eight hours after the onset of the haemor- 
rhage tho chancesofrecovery are jKwr, even though tbo haemorrhage 
may have stopped. 

When the patient recovers consciousness he is naturally anxious 
to know whether lie is likely to sutler from permanent disability'. 
This depends upon the situation of the haemorrhage and the extent 
of the resulting destruction of brain-tissue. It must bo remembered 
that neural shock and oedema of surrounding areas of brain usually 
cause a more severe depressum of function than is actually' duo to the 
deotructiv e effect of the Icrion, Some unprov ement may therefore be 
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expected iti most cases. The mental efficiency of the patient is rarely 
as good after a cerebral haemorrhage as before. Apart from lesions 
grossly impairing functions of intclligcnco and spcecli there is usually 
diminished power of concentration and memory, together with irrita- 
bility and emotional instability. 

Hnemorrhago in tile region of the posterior part of the tliird frontal 
con\ol»tion on the left wdo may cause for a time total apha.sia, but 
in the»e cases a very considernhlc recox'cry of speccli usually occurs 
in time, and improvement may continue for many months The 
speech defect which follows a capsular haemorrhage is a dysarthria 
and usually improves rapidly. Damage to tlio pyramidal tract by 
a. haemorrhage in the region of the intcnial capsule causes spastic 
hemiplegia on the oppo'»ito side, the signs of uhich are ilescribetl 
elsewhere (see p. 6). Some return of power always occurs m the 
lower limb, so tliat the patient is likely to bo able to walk If the 
upper limb exhibita returning power at tho end of a month after 
the onset a considerable degree of recovery w ill jirobably occur w it 
If, however, there is no improvement at tlio end of three months 
tlie paral^ sis is likely to bo permanent When the posterior part of tho 
cajiaiilo 18 involved, sensory loss and hoiuonymouBhemianopia on the 
side opposite to tho lesion may be added to the paralysis Improve- 
ment may occur in resiicct of these disonlers, but is often incomplete 
Pnin on the paralysed side of the body is not uncommon aRcr a 
capsular haemorrhage and is of tlialamic ongin If it develops it is 
likely to bo {icrsistent. Involuntary movements sometimes occur 
after cerebral haemorrhage, but only wlicn paralysis of tho limbs 
IS incomplete They usually appear several weeks or months after 
the onset, with tho return of voluntary power, and aro alwa3’3 more 
marked in tho upper than in tho lower limb Simple tremor may 
dev clop and is most evident on voluntary movement. Less often there 
is tremor of the Parkinsonian type which occurs when the limb is at 
rest. Athetosis also is sometimes seen. All these movementa tend to 
be persistent, though some improvement may occur, especiallj’ in the 
tremor. They aro probablj’ duo to involvement of the corpus stria- 
tum. Choreiformniovcmentsmayoccurasarcsult of haemorrhage m 
the region of the hypothalamic nucleus Such cases often end fatally, 
though improvement and even recovery may take place. Tropliic 
changes are common in the paraljsed limbs. There is often c3'anosi3 
of the extremities and oedema is not rare Tho nails may be brittle. 
Artliritis of the larger joints is seen, especially in senile patients. 

Treatment. 

Continuing cerebral haemorrhage causes death from medullary 
anaemia. Tho obj'ccts of treatment ate, therefore, to stop tlie haemor- 
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rhagonml torc^liicv tlio intracranial premium'. 'Jlio ivitkiit shouM Iw 
morcil M little us iM>.-aI>lc, ami ran* hltuuM Iw t.ikea that ({ 10 x 9 >1 no 
iiindmnc-c to >cnuuH return fmin the head. .Vn icc-haguppHctl tu ilie 
sA-alp can d« no hann and may diait(u«ii the t<rc‘hral hlwxl ttow, 

b'lir^ical ouciiatioii of thedut unratioiuil pnirctliin.* hut is rarely 
practicable It .slioulj. huucvtr. he tun'idm'd when cerebral 
haeniorrhaj^o ore urs before middlo life, in \ lew of the jKvLMljility of 
liaciuarrliagc into an intrucraniai tiiiiiotir. 

Vcncwctiun, the nithdmnai of a pint of IjIcnjcI fnitn a ^ciii, li n 
lime-lioimitre<l method of treatment. It h.u been argued that it in 
contra-inilirated nx likely to odd to tho ri^k of medullary anaemia. 
It IX proliAiilc th.%t it doca gucnl, hnuarxer, by toexcring the iivtr^ 
craiu.il |in-v<un>, and it ]RtvwvM.scld'inite value t-sjiccially in plethoric 
individuals I.uinltar ]iuiicturchAsl>cvnAdMHatt.'d aa the most ilirec t 
and han>iUs.x inothrsl of loucriii}' the iiitmenuiUl pressure, but U nut 
fn-c from risk, smeo the uillidnivi.d of a couriilcmblo quantity of 
crrrbro-spinal lliiM from the spinal thena is likely to cause a shift in 
(he cranial eontentv which may buth incrt-ri.'O ihu liacinorrhnge and 
lead to comprex-.ion of tho misluIU In tho fumnici) tnagnum. Cutn« 
peesKioti of tiro iiitcnud carotul artery on tlie side of the {uvemortUago 
has been rcvunimcndcd io promote clotting, but when u consiclenblo 
arr.t uf the hcitiophc re has Ixrcn reuden-d aiMcmiv by the compression 
oxertexi by the hacmcjfrhagc any further ini|jairmenl of blcxxl-siipply 
vroiild seem to involve tho risk of nddiug to the ixniuinrnt l<K>a of 
functiuii. 

A purgative should be odmmi'-tcred n.« so<;n na ]>cw»ib]e after the 
onset, and vshen the {vtlient U unconKioms may take the form of 
I (niniiu of croton oil m tv Ulllo butter. Tlio ivctal iujcclLon of 8 oz. 
uf a {XT cent, bolutirm of magnesium sulphate hi-l]M to lower the 
intracranial prcMure. If the piticiit U {iroruimdly unconscious he 
ce.isea to swallow, and other methoda of feeding must beciiqilovx'd. 
niiid can lie given ill the fonn of iionnal sjiliuc by the rectum, and if 
neccsJ^a^y concentrated liquid nouridimciit can lie administered by a 
m-isal tube. Kegular c^athetcruation may be necc.v>ary, iin<l the 
action of the n]xricnt should be OMasteci with enemas. The skin 
must bo carefully looked after and the rtik of bunui from expewuro 
to hot-water bottles borne in mind. 

After recovery from the immediate effects of the haemorrhagci tho 
patient must be encouraged to make an attempt to use h» iiorah sc^d 
limbs. 3Ia&idgo and passive movements may help to diminish spas- 
ticity, but electrical treatment is of no value. If tho too clragn in 
u-alking this may bo counteracted by wearing a special Ixwt with a 
spring attached below- to the toe and above to a gaiter round the calf. 
(l!t/(rtnet*, tu p. 313.) 
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0. THROJIliOSlS OF THE CEKE15HAL AllTEUIES 
Aetiology and Pathology. 

Tho causes of thrombosis of the cerebral arteries are— disease of 
the arteries, leading to reduction of their lumen and thickening of tlie 
intima; abnormalities of tho blood causing increased coagulability, 
and factors uhich produco a general reduction in the circulatory rate. 
More than ono of thcao distiirb<\iiccs is often present in the same 
individual. Wo fm<l, therefore, that cerebral thrombosis may occur 
as a result of an^' of the forms of cerebral .irtenoiclcroais tlcscri)>ci] 
in section In early nuddio hfo sy'iihilitic endarteritis is the 
commonest cause, in lato middle bfo and old age atheroma of 
tho cerebral arteries. Tlirombo-angeilis obliterans is a rare cause. 
Cerebral thromboais may also occur in acute infections, for example, 
diphtheria and typhoid fever, which both damage the arteries and 
impair tho ctndcncy of the circulation Small thrombi are common 
in acute infections of tlio nervous Bystem. for example, the various 
forms of unreplialitis Any profound anaemia may cause cerebral 
tlirombosis, which may also bo produced by tho roserso condition — 
or^thraemu. I'regnancy is also an ocuisional cause, though how it 
ojicralcs is obscure. Given lliickeniiig of a cerebral artery from an^ 
cause, thrombosis is mure likely to occur when the blood.prctsnre 
is low than when it is high. Ilcnco the senile myocardial changes 
associated with gcncralizcil atbcroiua play a part in producing 
thrombosis by im(uiring circulatory cilieicncy. Tho lodgement of an 
embolus m a cerebral artery is followed by thrombosis distal to the 
block, and if the clot also c\(cnds proxinially it may cause an 
extension of tho symptoms resulting from tho embolism. Tlie end 
result of obstruction of a cerebral .artery is infarction, with softening 
of the region of brain supplied by tho vessel (see p 284) 

Symptoms. 

When cerebral thrombosis develops in a patient with cerebral 
arteriosclerosis bo lia.s not uncoramoniy bad prodromal symptoms, 
for example, transitory attacks of aphasia, mental confusion, paresis, 
or paraesthesiac Although tho hypothesis of vascular sjiasin as an 
explanation of these symptonwis soniew hat discredited, it is probable 
that they represent a transitory increase in tlie degree of impairment 
of the blood-supply to part of the brain The onset of tho thrombosis 
itself is usually gradual and the resulting symptoms may not reach 
their height for one or two days. Headache and giddiness are usually 
present and vomiting may occur. Loss of consciou-sncss is inconstant 
and not as a nile profound. The patient may be merely dazed and 
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coiifiiscil. UncoiiHiuiii!iii“<3 w more likely to oitiir \» Jieii the tliram- 
bofis iiivohcs [wrt of one Lcinupberc tlun hJicii it is Mtiiatwl in 
the brain-slem, and when the pdticiit H elderly and has considiTablo 
general eercbral artcriosclcrosw. In suck cdK-a it tends to develop 
pradualiy sonio time after the hegituiing of the focal symiitoms. Con- 
vulsions are not very c'ommon, but oceur more freijucntly tlian iii' 
cerebral haemorrhage. Tlie focal symptoms of ctrehral tJiroml»osifl 
depend upon the vessel afiectcsl (isic Kxtion i>n KjmdTonves of tlvc ' 
Cerebral Arteries, p. 2S4). 

Diagnosis. 

See diagnosis of Cerebral Haeinorrli.agc, p. 303. 

Prognosis. 

Tlic iininciiiAto prognosis in cerebral thrombosis dciicnds U]<on (he 
size of the vessel obstructed .ind the gcneml condition of the {utient. 
Tlirombosis of the internal carotid and of the main tmnk of the 
basilar artcrj' is usually fatal, but tlic p.ilient may stirv ivc thrombosis 
of other arteries, though in old and debilitated subjects uitii wide- 
spread artcriosclcroain a coiu(Mratively siuuU urr.i of cerebral tofien- 
mg may prove fatal, .\fter recovery from oiio attack, imlcas (ho 
underlying cause can bo remedied, further attacks may occur, and it 
is not uncommon for a series of attacks of thrombosis to follow otio 
another at short intervals. These arc probably llio result of a fall of 
blood-presaurc due to the patient being kept in bnl on account of the 
first attack \Mien the outcome is favountblc some improvement in 
the symptoms usually begiiu after a feu- days ow iiig to diiniimUoa in 
shock and reduction of oedeiu.v in thu uifarcted area. >:>umo roidual 
aynuptoms usually remain os a result of iiermanent deatruetiun of 
nerve-tissue, and the nature of this dejiends ujion tho p<irt of the 
brain invuh cd. Epileptic attacks may oi-cuc as a scr^uci of cerebral 
thrombosis 

Treatment. 

The mam object of treatment is to improvo tho circulation ui order, 
if possible, to prevent extension of the Uiruinhus. 

IVhcn the patient is unconscious, nursing and feeding must he 
earned out as in the case of cerebral haemorrhage. All depictive 
measures, such as venesection, purgation, .uvd Irtsvluscnt with liyjicr- 
tome solutions, are to be avoided. Heparin may be given to dimin- 
ish the coagulability of the blood, strychnine may be given 
subcutaneously and iL'gitalU may improve the heart's aclion. loihdcs 
may help to combat atbetoma and jaomole alworplion of exudate. 
Plienobarbital and bromide are useful for the treatment of restless- 



THllOMBOSIS OJ? THE CEREBllAL ARTERIES 3II 
ness, and aspirin and pyrauiidon may bo required for the relief of 
headdche. Tho patient should be got out of bed at the earliest oppor- 
tunity Focal symptoms will require appropnate treatment, and any 
general disease, for examjde diabetes or syphihs, which may be 
responsible for the thrombus will need to bo treated 

{Rtjtrences, aee p. 313 } 


7. CEREBllAL EMBOLISM 
Aetiology and Pathology. 

Embolism of a cerebral artery is a complication of n large variety 
of disorders which possess m common the opportunity for blood-clot, 
or, less frequently, other material, to enter tho circulation in such a 
way that it can reacli tho brain Retracing the circulation backwards 
from the brain wo find that the nearest sourte of a tJiromhus is the 
right subclavian artery. In rare cases of thrombosis of the right 
subclavian artery due to pressure by a cervical nb, the thrombus 
has extended into tiio right common carotid and a detached portion 
has been carried to the brain (Symionds). A clot may come also from 
an aneurysm of tho innominate artery or of the aorta or from an 
atheromatous ulcer in tliis vessel. A vegetation may become detaclied 
from the aortic valves in pr<^re&>ive endocarditis. The left ventricle 
may bo tho source of an embolus, following coronary thrombosis, 
when a clot forms on tho eiidocardiiiui o\er the infarctcd area or 
when aneurysm of the venlriclo results Vegetations may be detached 
from tho mitral valve m progressive endocarditis, or a clot may form 
in tho left auncle in mitr.il stenosis of rheumatic origin This h most 
likely to occur in auricular fibnlKation, and in such cases detachment 
of the clot m.ay follow the restoration of tho normal Ciardiac rhytlmi 
by means of qumidine It may also occur in auricular flutter. The 
source of the thrombus m.ay be in the Jung, when thrombosis of a 
pulmonary vem occurs Infected emboli from the lungs are tho cause 
of cerebral abscess complicating pulmonary infection, and tumour 
cells may pass m the same way from the lung to the brain The lung 
capillaries constitute a filter which protects tlie general circulation 
from emboli ofaiiy size derived from thosystemic veins. Fat globules, 
however, may pass through the pulmonary cirouhation and so reach 
tho brain after fracture of one of the long bones. A patent interv cO' 
tricuJar septum sliort-circmts the jiulmonary cajiilJary filter and 
provides a route by which emboh from the systemic veins can hi 
e.xceptional circumstances reach the brain — paradoxical embolism 
I have twice known femoral thrombosis cause cerebral embolism in 
a patient with a patent interventricular septum. 
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The arteries of tbo left side of the brain are tlie site of embolism 
more frequently than lhos» of the right, and tho left nu'dille cerebral 
is the vessel nio»t often affected. The j>oint at which the embolus 
lodges depends ujnn its size. A largo clot may bo urrested in the 
mtcmal carotid. A small one may {lass to a cortical branch of one of 
the mam artcrie.s Following the lodgement ofan embolus thrombonis 
usually occurs ui the v(Sx»cl and may spread distally, or h’.ssfrequcntly 
proximally. and infarction occurs in the area of brain deprived of its 
blood-supply {see p. 284). Wlien the emlxilus is infecfetl, meningitis 
or cerebral abscess maj’ subsequently develop, or, when tho infection 
w of low virulence, embolism may be foilownl by infective softening 
of the ic-acl wall and aneiir^’smfonnatiun. Such infective aneurisms 
may rupture into the subarachnoid space or into the bniiii (sec p.2t)0). 
Symptoms. 

Tlie on'ct of the symptoms of cerebral cnibohsra U cxttvmcly 
sudden, the lodgement of the embolus occurring more rapidly' than 
either cerebnil haemorrhage or thrombosis. of conseiousness 
IS not tery common, but- (ho patient is usually somcirhat dazed. A 
roD>'ulsion may occur at the onset, and there U usually headache. 
Tho nature of (he focal symptoms deiicnds ui>on tho teasel in which 
the embolus becomes impacted (sec p. 2S4). After the oii>«t of 
embolism there may be a gradual increaso in the severity* of the 
symptoms due to tlie development of oclema or to the extension 
of thrombo»is proxhnally along the vessel. On tho other hand, the 
symptoms may diminUU in severity* owing to tho embolus becoming 
dislodged and p.isalng to a more peripheral i>art of the vested. 
Diagnosis. 

See diagnosis of Cerebral Haemorrhage, p. 30.1. 

Prognosis. 

Cerebral embolism as such is rarely fatal, imictes the embolus lodges 
in the internal carotid. There is always, however, the risk that 
embolism of other organs may occur and the iirognosw of the con- 
dition causing the embolism must be taken into consideration. .iVs 
shock parses off and the oedema of the infafcte<l area of tho brain 
diminishes, the extent and heverity of the syanploms grow IcsnS, and 
the patient is finally left with such disaUlitics os rcvnlt from rle^tnic- 
tion of fie region of tho brain supplied by* tie ob>lnicfed artery. 
Treatment. 

Treatment of the cerebral leaioa is tho same as that of cerebral 
thrombosis. The condition respoiudble for the embolism must also 
be dealt with appropriately. 
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Coinplcto rest for several uccks is essential in onlcr to diminish 
the risk of further emboli oecwrring. If embolism occurs in a patient 
receiving quinidiuo for auricular fibrillation, this drug must at onco 
be suspcndetl. 
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8. HYPERTENSIVE ENCEPBLVLOPATHY 
Definition: An acuto and transitory disturbance of cerebral func- 
tions wiiich occurs in association vvitli high blood-picssuro, in acuto 
and chronic gloincrulo-nepliritis, malignant hypertension and 
eclampsia. The cardinal symptoms nro convulsions and focal dis- 
turbances, such as amaurosis, aphasia, and hemiplegia. 

Synonym: Acuto uraemia. 

Aetiology and Pathology. 

The term hypertensive encephalopathy was first used by Oppen- 
heimer and Kshberg (1028) to describe a form of cerebral distur- 
banco occurring in (iisorders which difier in iiieir pathology hut 
possess a common tendency to cause arterial hypertension. The 
occurrence of such cerebral episodes ui acute and chronic glomerulo- 
nephritis and in eclampsia at first suggested that they w ere the out- 
come of impaired renal function and they were therefore considered 
uraemic in nature. This view has been discarded because not only 
are sjTnptoms of this kind usually absent when renal function is 
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pro^'ly jmjttimJ as a its«U of Juifgical K'^ions Lut tlicy may U* 
wn-ii-icurjin in jx-rlift-nip states in «luch renal function, as jiulgnl 

hv the Jjlofxi chemistry, itnurmal. Thccojulant jirescnrc of arterial 

ficftt HMOti. howet tr, anJ esijecially llie fact that tljo onset of the 
t nrriihalofkathy u nut umtHuiuoiUy prettxlf*! by a rapid ri*<‘ in the 
bloil pn-svare suggests that the dLiturbance of function U clan'ly 
cflaKsl to the hj perfension. The view that jl is the result ofeonstric- 
to.n of the ccrciiral arterioles or capilLmesis plaiisiblo but at present 
unprtufd It is jicrhapi supjiortol by the oWrvalion of tboK* who 
(lain) to hafc ol>'or\c(l a mnrurrcni »pdani of the ntiiial arteries. 
I’athnlogic.al ub^rvatiens bate not yet soUed the prublom, for no 
ron-stani patbologiral (litfcrcnce has Iieen ol>-er\wl l)ct«ecn the 
brains of |tat tents d\ing of hjiurteiisivo en^phalopathy and Ibov) 
of luticnis d,> mg of the same causal condition without the ecrchral 
• li'turlfcvnre Tlie roininune>t lliiding is (xslenia of the brain, but 
till* IS not <Jtta\a pn'Mcnt and »mcc oedetua of the brain uben due to 
otb(r cauuis, such a-i intnuranul tumour, does not nccesj-iril^’ lead 
losjmptomshhetbosjofbj'iwrtcnsitecijft'pbAlojvitbyilss'emiLhcly 
that It IS It w If a by>|inx(uct of the i>3lboIi)gicaI procxii^ atvl not iho 
rau«e of the >\niptoms. Lr.vl enu'plalopalhy in gtneral n'-sinbhs 
hyiKrten'ico (nc\pliaIo|Mthy and iu.sy Isj AAsociatisJ with lijfs’f* 
tsnsion, and therv is oiiHrimcntal exidcnco that lead prodiinw 
I AMM-oustnetton by acting directly «ii«oii tbc i-niooth niusilta of ihu 
irswU 

Tlie age niddence of bri«.*rt«n'Ue enccpbalopalhy U that of the 
cauNii ilwirdirw. Acute glomcnibKiicpimtis is rvniimmot in child* 
bcKiiJ. ftdoU'iSt nfc, and early adult hfe: cbroiucgJoiucfuh>*ticphntis in 
the second and third dcc.ttfe; «H'lai»|Mi3 during the t-arly jiart of the 
child-lx-anng {snul; and malignant byiirrlduioiun tlic thirties and 
foriics. liioiigh It may occur in childhood or late iiuddlo age. 

Symptoms. 

Tlie ou-'st of *.nHpt('msi»u-naUy euloamtc. the {hitkiit complain- 
ing of b<-a>iac]:cs of iniTcasing Kirrily, uhiJi are often a.s-s>«i.it<ii 
uiih Toroitmg of n (xnbral Epil-jitiform a-i»iiluons aro 

common and may lie foUo«r<l sithcr by mental coiifuxion or coma. 
Imjiairmrnl of \i-ion, or even compUto blindness, riiay occur. Tins 
i» (t n bral in origin, for then tma may Is* normal and dimng rvtvi cry 
of Mvion one liuiui.nvmuus |»*ir of vicual half-fieVU may tveoser 
Icforr the etbif Other ftxol crrvbral dixtnrUiinx-s iniluili* .ipha.'ia 
ami brniijurrsi* 

.Xrtinal li> |* rtcn-ion is lu every ca*c. but the i.l.vjsl* 

pfo'iim m ij l« n* t gn ally rai'ssl m acute iicp{,nii» .ind c< Limjwa. 
.\ n»e ui an alrca-ly high LIjoI l*n-iu>uti* fnsjucntly Lcrahls thj 
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cnccpliiilopatliy. The relinao may bo normal or there may bo 
bilateral papillocdema with or without tlio exuclativo changes of 
hjpcrlcnsho retinopathy, depending upon the causal condition. 
Evans (1033) draws attention to the occurrence of pulBncss of the 
face, the onset and disappeatanco of winch often coincides with tho 
onset and cessation of tho cnccxihalo^iatliio symptoms Cervical rigi- 
ditj’, tachycardia, and fever sometimes occur. Both renal function 
and tho composition of tho unne raa}' bo normal except when the 
cnceiihalopathy complicates acute or chrome renal ilatnage Tho 
pressure of tho ccrebro-spmal fluid is often increased, but may bo 
2 ion»al, anti its composition is normal. 

Diagnosis. 

Hypertcnsivocncephaloiiatliyimi.st be distinguished fronmraemia, 
cerebral wosculnr lesions such as hacinorriiago and tlirombosis, and 
intracranial tumour In uraemia convulsive phenomena consist 
usually of myoclonic twitches rather than of epileptiform attacks 
and amaurosis is rare Cerebral vascular lesions do not produce such 
a diffuse picture of cerebral disturUuicc and arc never as trausient as 
the symptoms of cncophalo|)athy The diagnosis from intr.vcramal 
tumour may bo very diflicuU in tho presence of ijopilloeclema and 
a raised pressure of ccrubro.s|mul fluid, since cerebral tumour may 
occur in a patient who also has hypertension. In doubtful cases 
ventriculography sliould bo cimcti out. The examination of tho 
urine and blood-pressure will enable convulsions due to enccplmlo- 
])atiiy complicating acute nephritis in childhood to bo dhtmguishcd 
from e])iIops 3 ', and in doubtful cases examination of the cerebro- 
spinal thud Will exclude meningitis. 

Prognosis. 

Alarming though the sj'inptoina are, tho outlook in hypertensive 
encephalopathy is on the w hole go«I as to recovery from the cerebral 
disturbance, though tho ultim.xle outlook depends upon the under- 
lying cause. Slost jjaticnts recover from encephalopathy compli- 
cating acute nephritis and from eclampsia. Even m malignant 
hypertension tlie patient may recov'er from the encephalopathy. 
Severe and frequent convulsions aro a bad sign, llecovcry from tlio 
amauresrs, aphasia, ami other focal symptoms is usuaily complete 
in a few days. 

Treatment. 

Venesection should bo carried out at once, 400-000 c c of blood 
being witlidrawai accordmg to tho age of the patient. Lumbar 
puncture should also be performed and repeated if necessary. 
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ilorpliia should be given, and if the convulsions pro\ e intractable 
barbitur5\tes also, preferably by the rectum. In severe cases the 
rectal administration of hj-pertonic magnesium sulphate solution 
(6-8 Qz. of a 25 pec cent, solution) may be tried. The treatment 
appropriate to the causal condition nRI aL>o be required. 
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9. THE CEREBRAL VENOUS CIRCULATION 
The Venods Sl^cs£s 

The intracranial renoua sinuses are spaces lying betneeo layers of 
the dura mater and are lined nith endolbehum. They receive blcxxl 
from the reins of the brain and directly or indirectly drain into the 
lotenial jugular rein. They communicate with the mcniogea! reins 
and by emissai}* reins with the reins of the scalp. 

The following sinuses arc unpaired: 

The Superior Longitudinal ^mua. 

The superior longitudinal sinus begins anteriorly at the crista galli, 
where it communicates through the foramen caecum with the nasal 
veins, and passes upwards, backwards, and finally dowTiwanls at Che 
convex upper margin of the falx. It ends at the level of the internal 
occipital protuberance by turning, usually to the right, into the right 
lateral smus. Occasionally it turns into the left lateral sinus. It 
possesses a terminal dilatation — the torcular Herophili — from which 
a communicating channel passes to the junction of the straiglit alnus 
and the left lateral sinus. The superior longitudinal sinus receives the 
superior groupof superficial cerebral veins and thus drains the upper 
part of the cerebral hemispheres. 

The Inferior Longitudinal Sinas. 

The inferior longitudinal sinus lies in the free lower border of the 
falx foe its posterior t'xo'thiids asvA temfinat^ posteriorly by jumisig 
the great vein of Galen to form the ef might tinue, whicli passes be- 
tween lay era of the dura along the line of junction of tJio falx w ith 
the tentorium. Posteriorly it turns to the left at the level of the 
internal occipital protuberance to become the left lateral sinus. 
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Tho fulIo\\ing sinuses arc jiaired; 

The Ijakral Sinuses. 

TIio lateral sinusca arise posteriorly, the right from tho superior 
longitudinal sinus, tlio left from tho straight smua, and pass laterally 
and forvuirtls in tho attached border of the tentorium, lying in a 
grooio in the occipital bone Each then turns downwards on tho 
inner surface of the mastoid proc'essniid leaves t lie skull by the jugular 
foramen, to enter tho internal jugular vein. 

The Coiernous Sinuses. 

Tho cavernous sinuses lio oiio on citiicr side of tho body of tho 
sphenoid. TJicy begin anteriorly at the inner end of tho sphenoidal 
fissure, whero they receive the ophthahuic \cms, and terininato 
{xisteriorly at tho apev of tho (letroiis portion of tlic temporal bone 
by dividing into tho sujicrior and inferior {K’trosal sinuses. In tho 
lateral wall of tho cavernous sinus lio the internal carotid artery 
witli its sympathetic plcxu«i, the third niui fourth nerves, tho first 
and second divisions of the iiflb nerve, and tlio sixth nerve. 

The .SHperior Petrosal Stnivst.s. 

Tlio su])crior petrosal sinuses run backwards and laterally along 
tho attached edge of the tentorium, to end in the lateral sinuses. 

The Iti/erior Petrosal Stnuses 

The mfenor petrosal wmiM*H run backwards, outwards, and dow n- 
wards m tho ]Ki»tcrior fossa, to Join tlio mtcrunl jugular veins by 
Iiassiug through tho jugular foramina. 

2'he CfrtArnl Veires. 

Tho venous sinuses receive as tributaries the cerebral veins. The 
superficial cerebral veins aro ibvidcd into two groups — tho sujicrior, 
which run upwards to tho su]wrior longitudinal sinus and drain 
the upper halves of tho hembpheres, and tho inferior, which drain 
tho lower halves of tho hemispheres and run downwards to join tho 
V enous sinuses of tho base. Tho most important of tho deep cerebral 
veins is tlio great vein of Galen, which drauis tho choroid plexuses of 
the third and lateral vcufriclcsand tho basal ganglia, and terminates 
by joining the inferior longitudinal sinus to form the straight sinus. 

The Diploic Teiiw. 

The venous channels in the bones of tho skull, tho diploic veins, 
^dr.iin either into tho venous rinuscs or into tho sujicrficial veins of 
the scalp. 


{IteJsTencea, see p. 322.) 
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10. THUOMUOSIS OF THE IXTUACUAXIAL VENOUS 
SIXUSES 

Aetiology. 

Tlirombo'is of the intracranial a cnoiia tiinuiiCit is usually tbo result 
of t lie cxtciisioa of infection to tlicsinmcs from neighbouring stnic- 
turea or of direct injury. Rarely it occurs m the absence of any evi- 
<lcnt local cause m coiiditiou.') of marnsnius or caclic.\ia. These tuo 
\ arictifs of sinus thrombosis are nirlicr tim.dt isfactorily dtotinguished 
as hocondary’ and ‘primary’’ rci-pcclivcly. 

I’nmary’ Mnus thrombosis is rare ami i-s most frctiuently seen 
at the extremes of life, csiiecially during the first year. It occurs in 
n,i.Mo(!, debibuted infants and later in life in individuals suffering 
from severe anaemia, cxliausting infections suck as enteric, or emaci- 
ating diseases such os carcinoma and phtliUU. The principal pre- 
dispusing factors of ‘ prim.iry’ sinus thrombosis apjicar to be niiacmia, 
mcrea*e<i coagulability of tbo blood, slowing of the blood-stream a.n 
a result of a low blood-pressure, and dehydration. It may form jvirt 
of the picture of tluximbo-phlebiti-i niigrans. 

‘Sccondari ' sinus thrombosis may be tlic result of direct injury 
o! 11 binui through fracture of the shull or surgical o|>cratiun in its 
\ iemity, or pimctiiro of the sui>erior lougiiudina] sinus in infancy for 
tliernjicutic purposes. lufcction may spread to tho sinuses from nil 
area of osteitis of one of the cranial boiica. The lateral sinus may thus 
become infected from niastoidilis or through tlie Jugular vein from 
the throat Infection may spread from the lateral to the superior 
longitudinal sinus. The latter and tbo caxernous sinus may lie 
directly infected from fioulal sinudtis or from infection of tim other 
na>al air smusc-s. Ouing to (he cvmparntnely Doe eominunicatioii 
betneen the intracraiiial xenous siiius.'S and tho siijicrfieml veins 
of the face and scalp, cut.'ineous infections, such ns lioils, CArbuncles, 
and cry Mpcias, in these regions, may cause intracranial sinus throm- 
bosis Tho caxemous sinus U c.sj»eciaUy liable to become infected 
as a result of pjogeme infections in tbo m-ighbourhocni of the upper 
lip Tho source of infection may* bo remote Irom the he.id. c g.ptiiT- 
l>eral Though sinus thrombosis may be the only mauifesUtion of 
uifoction. It may’ be OK-ociated with extraiiurn! or subdural ubsccs-H, 
uilracorcbral abscess, or localizc'd or dUIuso Icptoiiieiungitis. 

Pathology. 

The atlccled sinus contains n rcddb>)i clot, which lends in time to 
become jwiler and adherent to tho wnus wall. In sinus thrombo- 
phlebitis duo to pycigenio organisms (he clot may bceoine purulent. 
It may extend into tnbutary tuna or into other sinuses. The internal 
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jugular \ein is frequently inrolrcd by extension from the lateral 
sinus. The area of brain drained by the affected sinus exhibits con- 
gestive oedema and in sorao cases softening, and tiie development 
of some degree of collateral venous circulation causes congestion of 
neighbouring veins. Obstruction of a large sinus, such as the superior 
longitudinal, may so imjicde the absorption of cerebro spinal fluid 
that hydrocepbalua results. Extension of infection from tlic sinus 
may cause localized or diffuse leptomeningitis or intracerebral 
abscess, a hde tlie hbcration of organisms or of fragments of infected 
dot into tlio general circulation may lead to pyaemia and pyaeinio 
abscesses, especially in the lungs. 

Symptoms. 

The symptoms in intracranial venous sinus thrombosis consist of 
(1) symptoms of the prcdis|>osing condition; (2) symptoms of ob- 
struction to the venous drainage of tissues adjacent to the sinus; 
(3) in the case of infective thrombophlebitis, syniploms of extension 
of the infection to neighbouring structures and of its dissemination 
in the blood-stream , and (4) mdiogmpbic investigation is sometimes 
helpful. 

(1) Conditions predisposing to iniraeramal sinus thrombosis have 
already been mentioned m the section dcahng'vuth aetiology. 

(2) Tho symptoms duo to obsirucled tenous drainage differ accord- 
ing to the emus affected. 

Thrombosis of the Caiernouj} Sinus. Pain is severe and is located 
in tho eye and forehead on the affected side and is usually* associated 
with hyperalgesia over tho cutaneous distribution of the ophthalmic 
division of tho trigeminal nerve There is conspicuous oedema of 
tho eyelids, tho cornea, and the root of tho noso, associated with ex- 
ophthalmos due to congestion of the orbital veins. PapiUoodema is 
sometimes present, in which case vision is markedly rotluccd and 
may be lost, but in other cases tho optic disk is normal and vision 
is little impaired, Suieo tho third, fourth, and sixth cranial nerves 
lie in the lateral wall of tho sinus, ocular palsies arc usually present 
and there may be eompleto internal and external ophthalmoplegia. 
Cavernous sinus thrombosis is usually unilateral at tlie outset, but 
thrombo-phlebitis readily extends through tho circular sinus to 
the cavernous sinus of the opposite side, the signs then bccomuig 
bilateral. 

Thrombosis of the Superior Longitudinal Sinus. Thrombosis of 
the superior longitudinal sinus usually occurs m infancy and leads to 
a considerable rise of intracranial pressure. The earliest symptoms 
consist of headache, vomiting, delirium, and in some cases head 
retraction and convulsions. There is marked congestion of the veins 
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of the scalp aud sometmicsalftoof fhc nasal veins, and in infants tlio 
fontancUe is tenso. Paj)nJoedonia is fiomctiines present and squint 
may occur. Since tlto superior longitudinal sinus receives tlio 
sujicrior cortical veins which drain the iipjicr half of the hemispheres, 
and since the lower limbs are repitscnted in the areas of the pre- 
central KJTU3 nearest the vertex, throinbosh* of this sinus may cause 
svTnptouis of bilateral pyramidal leaions, w htch are most marked in, 
and may be confined to, the lower limlis. Focal sjmploms may bo 
unilateral, c.g Jacksonian epilepsy and hemiplegia, or even absent, 
ThosMuptonis may bo mainly or exclusively thosc of hydrocephalus, 
as in so-called “otitic hydrocephalus” ^sco p. 211). 

Thmnfjoais of lie LaUral Sinut. Thrombosis of the lateral sinus is 
almost always the result of an extension of infection from the mas- 
toid. Tlic patient compLiins of headache and of pain in the car, w Inch 
tends to lio intensified by rooving the head. Vomiting may occur. 
Venous a>rgc>tion may bo oliscrved in the neighbourhood of the 
mastoid procc^ and cxtcn»ion of the phlebitis to the jugular vein 
causes tenderness in tiio neck. The vein is sometimes, though only 
cxreptionally, palpable as a lender coni. Papilloedema is homctiiDcs 
present, but is usually alight and may bo eonSned to the eye of the 
oiTcctcd side. Dchnuni may occur, but focal cerebral symptoms are 
usually inconspicuous, though bhght signs of a pyramidal lesion oro 
not uiicomninn. cii>cciaUy* faml weakness and .an cxteiLsor plantar 
re-pon.so on the opposite side. Slight aphasi.a may' lie present when 
the left lateral sinus is atTcctcil. 

The etnlny-spiiial Jluid is usually' under increaM.-d presmro, but 
m.ay be otherwiMi noniuJ. In thrombo»is of the KU^icrior longitudinal 
unus, however, it is not uncommon to find red blood-reUs in 
considerable numbers, with a currrs{>ondiDg rhe in the protein con- 
tent, and even a xanthochromic (luid. Slio presence of a slight 
excess of leucocytes, usually both (lolymorphDnucIcar and mono- 
nuclear, is not uncommon and indicatcM a localucd extension of tho 
infection to tho neighbouring Jeptomcninges. Wien one latcruUhitis 
is filled with clot the pressure of the tvrcbro-spinal fluid may fail to 
show tho normal riso when tho jugular-vein on tho alfcctcil side is 
ajnipjT».%«J alone in Qiieckenstcilt a lest, hut the i>inus may bo in- 
fect^ Without being olistructcd. 

(3) Intracranial sinus thrombosis of infective origin usually leads 
to gtntntl s'jmplovu resulting from tJic {t.i.-v<«age of organisms into tlic 
blood-stream. The patient is exlrcniely* lU, with .a swinging tempera- 
ture and rapid pul>e, and rigors are common. Detachment of frag- 
ments of clot with n-suhing jmlinoruuy' embolism is most likely to 
occur m the ease of lateral sinua tlirumbavis with extension to the 
jugular vein. This event is iodjcatcd by a sudden jiain in tho clicst. 
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associated with dyspnoea and sometimes with haemoptysis, follo\\cd 
by the development of signs of pulmonary consolidation and fre- 
quently a pleural rub. Pulmonary abscess may follow. The common- 
est intracranial extension of the infection is to the leptomeninges, 
resulting in many cases in a diffuse leptomeningitis. This event is 
characterized by an increase in the severity of the headache, the 
development of cervical rigidity, the presence of Kemig’s sign and 
other sjTuptoins of meningitis, togetlicr nith a marked polymorpho- 
nuclear pleocytosis witli or without organisms in the cerebro-spinal 
fluid. 

(4) Radiography of the sinuses after the injection of an opaquo 
substance, perabrodil, may 3rield evidence of obstruction (Frenckner, 
1930). 

Diagnosis. 

Caumomainua Ihrotnhoaia mayoccasionallybe confused with other 
lesions in the neighbourhood of the sphenoidal Assure. Similar local 
symptoms may bo produced by aneurysm of the cavernous sinus 
following rupture into It of the internal carotid artery This, ho>f over, 
as a rule follows trauma, of which a history is obtainable. Pulsation 
is present in the eye and a bruit is audible to tlie patient and often to 
the observer. Symptoms of infection are absent. Compression of the 
cavernous sinus by intracranial tumour is of gradual onset and is 
unassoclated with symptoms of infection. 

Thromboaia of the superior lonffUudinal ainua, when it occurs in 
infancy, may bo dilBcuIt to distinguish from hydrocephalus, to which 
it often gi'cs rise The selective paralysi.s of the lower limbs, when 
this is present, is the most useful distinctive feature. Examination 
of the ccrcbro-spinal fluid wall enable sinus thrombosis to be distin- 
guished from meningitis. 

Lateral ainjia thromhoaia may bo difficult to distinguish from other 
intracranial complications of mastoiditis, especially extradural, sub- 
dural, and intracerebral abscess, with any of which it may coexist. 
When any of these conditions is suspected, however, the region of 
the lateral sinus should be explored and the dura and the sinus itself 
inspected. 

Prognosis. 

The prognosis of intracranial venous sinus thrombosis is always 
grave and the mortahty is high. The outlook is best in the case 
of lateral sinus thrombosis secondary to mastoiditis, since this is 
amenable to surgical treatment. Recovery from tlirombosis of the 
cavernous sinus is rare. After thrombosis of the superior longitudinal 
sinus the patient may bo left with hydrocephalus. 
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Treatment. 

When sinus thrombosis is infective in origin the source of infection 
must receive appropriate treatment. In the case of lateral sinus 
thrombosis the jugular vein should be ligaturctl as a safeguard against 
pyaemia. Sulphanilamide tff allied drugs should bo given as for 
meningitis. Otherwise treatment is symptomatic. 
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CHAPTER V 

INJURIES OF THE BRAIN 
1. THE DDIEDUTE EFFECl’S OF HEAD INJURY 
AcUology and Pathology. 

Duiuno recent years licail injuries Iiftve occurnxl with increasing 
frequency, owing to the high s^tcctl of tnodem life. In civil life most 
head injuries aro duo to direct noicneo resulting from motor and 
industrial accidents. Less frequently they aro produced by intlirect 
violeirce after falls on tho feet or buttocks. Penetrating Mounds 
of tho brain aro coinjWTatively rare. TIicto no direct parallcbsm 
between tho soieritj’ of an injury to tho skull and tho extent to 
which the brain is damaged. Though, natumlly, severe fractures of 
tho skull aro associated with sovoro cerebral hijury, the brain may 
bo oxtenshely damaged without tho skull being fractured and, on 
tho other hand, fracture of tho skull may occur without severe 
damago to tho hrain. Comjiound fractures of tho skull, especially 
fractures iiivuhUig tlic base aud extending into the nasopharynx, 
nasal oir sinubcs, middle car, and mastoid, as.Mimo additional iinpor> 
tunco as liable to lead to infoction of tho intracranial contents and 
thus to Ctaubo meningitis or intracranial abscc»s Apart from this 
risk, however, tho crucial question after n head injury is the state 
of Uio brain rather than tho state of tho skull, and this uluno will be 
considcnxl here. For tho characteristics of fractures of tho skull and 
tho details of their surgical trontmciit (ho reader is referred to text* 
books of surgery. 

Following an injury to the head tho i>aticnt may suffer from (1) 
concussion, (2) cerebral contusion, (3) cerebral laceration, (4) cerebral 
compression. 

Concussion. 

Concussion has been dciined by Trotter us ‘a condition of wide- 
spread paralysis of tho functions of tho brain whicli comes on as an 
immediate consequence of a blow on the head, has a strong tendency 
to spontaneous recovery’, and is not necessarily associated witli any 
gross organic change in tho brain substanco Concussion la thus 
essentially a disturbance of function and has received various ex- 
planations. It has been ascribed to an acuto cerebral anaemia, but 
Miller has show n tliat tho pliysiological response to concussion differs 
from that which follows acuto cerebnil anaemia. Mott ascribed con- 
cussion to the effects of a sudden massive displacement of the 
ccrebro-spinal Quid into the cerebral perivascular spaces, Greeniield 
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(193S-9) to stretching or deformation of nerve-tracts esijecially 
those passing to the thalamus, ami other hjiwtheses hare been 
proposed Whatever the precise explanation, it is clear that, directlj* 
or indirectly, a blow on the head of sulEcient severity produces an 
immediate depression of cerebral function, which is to some extent 
proportionate to the violence of the blow. 

Cerebral Contiuxon. 

Cerebral contusion is a more or less diffuse disturbance of the brain 
following head injury and characterized by oedema and capillary 
haemorrhages. A number of recent workers have ahoivn that in fatal 
cases of head injury multiple intracerebral haemorrhages are usually 
found These are moat frequently present at the poles of the hemi- 
spheres (JeSerson). Microscopical examination sbotvs more uidely 
scattered punctate haemorrhages and Midespread cerebral oedema 
leading to distension of the perivascular sheaths and of the pericellu- 
lar spaces. Disturbances in the circulation of the cerehro-spmal diiid 
play an important part in the production of symptoms. The pre.ssure 
of the fluid U usually raised but may be eubnomial. In the former 
ease there may be increased formation of fluid, and there is possibly 
dinunlahed absorption owing to blockage of the arachnoid tilU by 
haemorrhage. Rand has shown that in severe cosca of head injury 
changes which include oedema and increased vacuolation are present 
in the choroid plexuses and ependymal cells. In addition, the circu- 
lation of the fluid may be impeded by meningeal adhcAiona, and 
rupture of the arachnoid may lead to the formation of encysted 
subdural collections of fluid. Greenfield {193S-9) has drawn atten- 
tion to the occurrence of localized severe dcm^elination which he 
considers a late result of oedema. 

Cerebral Laceration. 

‘Cerebral laceration' is the term ii*cd when a cerebral contusion 
is sufliriently severe to causc a visible breach in the continuity of 
the bram substance. This may occur either immediately beneath the 
site of the blow or by tonlre-coup on the ojiposito .side of the brain. 

Cerebral Compression. 

Cerebral compression occure when the injury is followed by iutra- 
cruiual haemorrhage, which may be cither subdural or extradural, 
the former, according to Vance, being more than twice as common 
as the latter. Acute subdural liacnioirhago is usually the result of 
a severe laceration, which may either involve the surface of the 
hemisphere or cause a large cavity filled with blood within its .sub- 
stance. Less often acute subilural haemorrhage is due to rupture of 
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venous tributaries of the superior longitudinal sinus or to laceration 
of one of tho venous sinuses. £IxtraduraI haemorrhage is usually due 
to laceration of tho middle meningeal artery by fractured bone, tho 
posterior branches being involved more often than the anterior. 

Symptoms. 

Concussion 

Following a slight injury tho patient may be merely dazed or 
unconscious for a few seconds only, but his higher mental functions 
may subsequently bo impaired for a period lasting up to several 
hours, during which he may carry out complicateil activities in an 
automatic fashion, afterwards remembering nothing of these events 
This loss of memory may also extend to incidents which occurred 
before tho accident, and is then known as retrograde awneiia. For 
example, a patient who sustains a head injury as a result of an 
aeroplane crash may remember nothing that happened after lie left 
the ground ; or one who has been injured m a motor accident may 
forgot the incidents of a long drive. 

In cases of more severe injury unconsciousness is more prolonged, 
and in addition the patient exhibits impairment of the functions of 
the bram>steni, especially of tlio medulla. Tlie pupils may bo dilated 
and may fail to react to light, and the cutaneous and tendon reflexes 
may be lost, the musculature being llaccid. -The skin is pale and 
bleeds hltlo when injured. The blo^>pressure is low and tho pulse 
is slow, or, in some cases, rai>id and feeble or imperceptible. Respira* 
tion may stop or may be shallow an«l sighing. Though death may 
occur in severe cases from medullary paralysis, it is probable that 
in most fatal cases cerebral contusion is present as w ell as concussion. 

Recovery from concussion is manifested first in an improvement 
of visceral function , tho volume of tlio pulse increases, respiration 
becomes deeper, and the pupils again react to light. Vomiting is 
common at this stage. On recovering consciousness tlie patient may 
be delirious, restless, and irritable, and almost always complains of 
headache. In cases of uncomplicated concussion, however, tlieso 
symptoms, ivitb the exception po^ibly of headache, disappear 
witliin forty-eight hours after the injury. 

Cerebral Contusion. 

Slight cerebral contusion may occur in tho absence of concussion. 
In most cases, however, the patient is rendered unconscious by the 
injury. In tho most severe cases tlie depth of coma steadily increases 
and the patient dies from medullary paralysis within a few hours 
of the receipt of tho injury. In less severe cases the patient, after 
recovering from concussion, passes into a state of stupor or mental 
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confusion. He is usually drowsy and presents the picture long known 
as ‘cerebral irritation’, but better described as traumatic delirium 
(Symoncls), lying in a dexed attitude, resenting interference, confused 
and disorientate w hen routed, and at times noisy and violent. This 
condition may last for days or even for w-eeks, and in favourable 
cases gradually passes away. Symptoms of a focal lesion of the brain 
are usually absent, but focal convtilsioas, faemiparcsis, or aphasia may 
follow a contv^lon involving tho cortex; injury to the midbrain may 
lead to ocular palsies, diplopia, and nystagmus ; cranial nerve palsies 
may be present (see below) ; and diabetes insipidus is a rare compli- 
cation. 

Aeutt Traumatic Cerebral Compreeaion. 

Cerebral compression leads to progressively deepening uncon- 
sciousness, indicated by tbe failure of ibc patient to respond to 
stimuli which have previously been capable of rousing him, and by 
toss of corneal redexes. Deepening coma is of special importance 
when It follows a lucid interval after concussion. Ocular symptoms 
are important, the pupil on the side of the haemorrhage being first 
contracted and hater dilated and failing to react to light, Uio bamo 
sequence of events subsequently occurring on tbe opposite aide 
(Hutchinson). PapiUoedema is usually al^nt, though the optic 
disks and fundi may exliibit venous congestion. Symptoms of a 
progressive lesion of one cerebral bcmlspbero arc frequently present. 
Focal convuliioos indicate irritation of tho motor cortex and may 
be produced either by a laceration or by comprcs.aiou following on 
extradural haemorrhage, especially Crom the anterior branches of 
the middle meningeal artery. Flaccid paralysis of one side of Iho 
body associated with a unilateral extensor plantar response indicates 
compression or destruction of the opposite hemisphere, lilcdiillaiy 
symptoms are prominent, especially in tho later stages of cerebral 
compression. The pulse at first is slow and full, later rapid, thready, 
and irregular. The blood-prcssure may bo bubnonual or may exhibit 
a steady rise. The respirations are at first slow and ilcep, later 
irregular, eg. of the Chcync-Stokes tjjie, and finally rapid and 
shallow. Tiie temporaturo is oflcn somewhat raised and may bo 
unequal m the two axillae follow ing a lesion of one hemisphere. Sugar 
may be present in tho urine. 

Ceribro-apinal Fluid, 

Exauunation of the oerebco-spinal fluid may yield information 
of value, but lumbar puncture is not entirely free from rink after 
head injuiy. It should not be performed, therefore, until tho patient 
has recovered from tho immediate shock of the acddcnt, and on tiie 
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first occasion only sufficient fluid for diagnostic purposes should bo 
\\itlulrawn. Blood is present in the fluid immediately after the 
accident in most cases of cerebral contusion and of more serious 
injury. The number of red cells present is not always proportionate 
to the seventy of tho injury , the protein content of the fluid is 
proportionate to the number of red cells. The supernatant fluid is 
xanthochromic. The red colls tend to disappear in four or five daj’s, 
but the xanthocliromia may remain for two or three weeks The 
pressure of the fluid should always bo determined by manometry, 
with the patient lying on his side and as far as possible relaxed. In 
mo.st casc-s of severe head injury tho pressure of the fluid is raised and 
may bo as high a-s 200 to 300 uim. of fluid. Exceptionally, tho pres- 
sure is normal or suhiiornial. In cases of suspected progressive 
cerebral comprc.ssion a jirogrcssive riso in the pressure of tho fluid at 
succesaive lumbar punctures affords confirmatory evidence, but the 
pressure of tho fluid must always bo considered in relation to clinical 
observations In tho late stages of cerebral contusion, that is weeks 
or months after tho injury, the pre.s8iiro is above 200 mm. of fluid 
in about 50 per cent of caijcs, but may bo subnormal, n point of 
unportanco in determining tho appropriate treatment. 

Jiadiographi/. 

Radiography during tho acute stage may demonstrate an unsus- 
pected fracture of tho skull, which often proves of greater medico* 
legal than clinical importance. In the late stages of cerebral 
contusion, radiography after the introduction of air into tho spinal 
subarachnoid space— encephalography (p. *240) — may throw light 
upon the causation of symptoms. 

Variations from the normal cnoephalogram ha\o been described 
in SO per cent, of cases Tho shape of the cerebral ventricles luay be 
abnormal (Fig. 40), and there is often an abnormality in the distri. 
bution of the air over the cerebral cortex. Air may fail to reach 
certain areas owing to meningeal adhesions. 

Other Imestigalions. 

Inspection and palpation of tho scalp and skull form part of the 
routine examination of cases of head injury, the presence of haema- 
toinas being noted and tbo bones carefuiiy examined for depressed 
fracture. Bleeding from the nasopharynx and ears in the absence of 
external injury is an important symptom of fracture of the base of 
tho skull, and inquiry should always be made as to the discharge 
of cerebro-spinal fluid, which may be recognized by its reduction of 
Fehhng’s solution. The urinary output should bo measured from the 
beginning, lest traumatic diabetes insipidus should remain unnoticed. 
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Diagnosis. / 

Although m most cases the injury to tho head ia clearly the cause 
of tho ])atient’s symptoms, it is necessary to hear in mind tho possi- 
hilit}'^ that a pre-existing illness, especially a cerebral rascular lesion, 
may have led to an accident in u-hich the head has been injured, in 
which case the sjmptonis may not be due to the injury, ^\^lcn this 
source of confusion has been eliminated it is necessary to decide tho 
nature of the injury to the brain. If after a head injurj' the patient 
remams unconscious more than a few minutes, or if after recovery 
from the concussion ho remains mentally confused or exhibits other 
symptoms of cerebral disturbance, the conclusion should be drawn 
that structural damage to the brain has occurred, and this may be 
confirmed by the presence of bhiod in the cerebro-spmal fiuld. The 
symptoms which distinguish acute traumatic cerebral compression 
fiom cerebral contusion have already been described. The onset of 
meningitis is to be suspected uhen tho patient develops marked 
cervical rigidity or Kernig’s signrand is confinneii by the presence 
of a marked polj'nvorphonuclear leucocytosis, with or without pyo« 
gemc organisms, in the cercbro-spmal fluid. ' 

When mental confusion and drowsiness increase in severity or per- 
sist for several weeks the possibility of subdural hneniatoma must be 
considered \Mien this is present the symptoms tend to get worse 
with tho passage of time, whereas in contusion tlie early symptoms 
tend to improve. Progressive symptoms in the later stages, there- 
fore, whether general or focal, render exploration of the subdural 
space advisable. 

After recovery from the acute symptoms it may be neces-sary to 
distinguish cerebral contusion from neurosis following the injury. 
This distinction is of comdderable iinportaiire in the litigation w hich 
frequently follows head injury'. Diillculty arises from tho facts that 
focal signs are usually absent in cerebral contusion and that certain 
mental symptoms are common to both cerebral contusion and 
anxiety neurosis. In establishing tbo diagnosis of contusion stress 
must bo laid upon tho constancy of tho clinical picture, espocUdly 
in respect of the character of the headache, and the factors wiiich 
precipitate it. It must bo remembered, how ever, that when a patient 
13 incapacitated for work by' cerebral contusion, and especially when 
litigation is pending, anxiety neurosis is apt to complicate the 
condition. 

Prognosis. 

Concuasion is rarely fatal and, when the patient aurvives tho im- 
mediate cilccts of the in jury, 18 followed hy complete recovery within 
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a few days, provided it is not complicated by contusion or more 
serious injuries. 

Contusion, when severe, may prove fatal, usually within a few 
hours, from medullary paralysis Less often the patient lingers in 
a semiconscious condition for several days, and death then occurs 
from exhaustion or pneumonia. Death from cerebral contusion, 
however, is exceptional. In those ivlio recover from tho immediate 
effects of the injury cantu.sion often causes symptoms, the persistence 
and disabimg character of wliicli ap^iear to bo disiiroportionato to 
the seventy of tho injury Symonds has investigated tho outcome 
in a group of patients sufTcnng from cerebral contusion, excluding 
mild and quickly recovering eases Ten per cent, were totally in- 
capacitated, 43-5 per cent, were able to return to light work, and 
40-5 per cent, were able to return to full work. When tho patients 
were divided into two groups according to whether or not tho injury 
had been followed by a stage of mental confusion, it was found that 
the prognosis w it h regard to u orkjng capacity w as considerably w orso 
in those who had exhibited such mental confusion than in those who 
had mode a rapid recovery from the immediate effects of the injury. 

Acute traumatic cerebral compre-aston is fatal in the majority of 
cases, the outlook being worse when the haemorrhage is subdural 
than when it is extradural In most of Vance’s cases death occurred 
witlim twenty-four hours. In a few the patient lived for from one 
to two weeks. 

McningitLS follow ing head injury is almost Invariably fatal, though 
the patient may livo for days or even for weeks. Late results of 
head injuries, which include persisting symptoms of injuries to the 
h^-potbalamus and midbram (such ns diplopia. Parkinsonism, and 
diabetes insipidus), cranial nerve pabies, intracranial acrocele, lere- 
bro-spmal rhinorrlioca, subdural hncmatoma, and traumatic epilepsy, 
are described elsewhere. 

Treatment. 

Concussion. 

If breathing stops, artificial respiration must bo carried out until 
medullary paral} sis passes off. Tlio patient should be kept in bed 
in a darkened room and sliould be given sedatives, and, if the head- 
ache is severe, analgesics, together with a saline purge. Concussion 
in itself does not necessitate tho patient remaining in bed more than 
three or four days, but since it is impossible in many cases to be sure 
that a mild cerebral contusion has not occurred, tho patient should, 
if possible, be kept in bed at least a week, and if headache is still 
present or dev elops on getting up, the treatment of contusion should 
be instituted. 
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Contusion 

If there is any reason to suspect that the brain has been bruised 
tile patient should be kept in bed for at least three w ceks, e\ en in the 
mildest cases. In the early stages sedatires will be required, es^iecially 
at night Paraldehyde, niedinal, or luminal may be used. Severe rest* 
lessness should be treated by morphine or subcutaneous injection of 2 
grams of luminal sodium, or 3 or 4 drachms of paraldehj do in 2 oz. of 
ohve oil per rectum. The pressure of the cercbro-spinal fluid should 
be ascertamed by lumbar puncture manometry. When tho pressure 
IS raised sufficient fluid should be uithdrawn to reduce it to normal, 
and lumbar puncture may be repeated for this purpose as necessary. 
Dehydration has proved of loss value in tho treatment of cerebral 
contusion than in the reduction of increased intracratiial pressure 
due to a cerebral tumour. This U probably because in contusion tho 
paths by u hich fluul is absorbed from tlie nervous system ace them- 
selves damaged. Dehydration is not uitliout risk in the acute stage 
of head injury, and one fatahty has been reportenl following its use. 
It should not be emplojed xshen the patient is profoundly shocked. 
Tlie rectal adminUtratioo of 8 oz. of 23 per cent, magnesium sulphate 
solution is probably frio from risk. .For intravenous injection 
100 e.e of 50 per cent, sucrose solution Uioulci be used, tlie rate 
of injection not exceeding 3 c.c. a minute. In the later stages, 
hypertensive headache may bo relieved by encouraging iLo patient 
to sleep in a sitting position, propped up with pillows, wtiilo the 
headache associated with a subnormal pressuro of ccrobro*spinal 
fluid may be ameliorated by kccjiing the patient recumbent and 
elevating the foot of the bed on blocks. Wlicn the stage of mental 
confusion is passed the patient should still bo kept very quiet. At 
this stage a mixture containing potassium bromide with 30 or 40 
grains of luagnesium sulphate thrico daily will act aa a stdativo and 
at the same time lower the intracranial pressure. Mlien headacho 
and other symptoms persist in spito of medical treatment they are 
sonielimes relieved by the injection of air in amounts up to 100 c,c. 
into the spinal subarachnoid space after lumbar puncture. The 
method is the same as in encephalograplty (acc p. 240). This is a 
somewhat painful proceilure and is by no means always eflectivo. 

In all cases of cerebral contusion convalescence should bo pro- 
longed and return to work gradual. 

Acute Traumalie Cerebral Compreseion, 

Surgical interference during tho acute stage of iiead injury, apart 
from that necessitated in the trcatuicnt of ioini>ound fracture of the 
skull, should bo confined to coses in which symptoms of progrcssivo 
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cerebral compression are present, tlie brain being explored in the 
region indicated by tlie nature of the symptoms. Even in such cases 
operation sliould not be carried out during the stage of shock, since 
if the patient does not rally from the immciliato effects of the injury 
it is unhkely that surgical interference will bo effective. 

2. LATE EFFECTS OF HEAD INJURY 
Geneiul and Mental Symptoms 
Though a patient may recover rapidly and completely from a 
cerebral contusion persistent disabling symptoms are extremely 
common. The three cardinal late symptoms are headache, giddmess, 
and mental disturbances, and they usually develop out of the symp- 
toms of the acute stage. Headache tends to be severe and to occur in 
paroxysms which may last several hours, often against a background 
of continuous pain It is btought on or exacerbated by activities 
such as stooping, snoczuig, phjsical exertion, and excitement When 
the headache is associated uitii a raised pressure of the cerebro-spinal 
fluid it tends to be increased by lying and relieved by sittuig When 
the pressure of the fluid is lou therexcrsoisthecase Thegiddincss 
is not usually a sense of rotation, but a feeling of mstability 
The commonest mental symptoms nre'inabihty to concentrate, 
fatiguability, impairment of memory, together with nervousness and 
anxiety. These are in fact symptoms of mild dementia of traumatic 
origin and all grades are encountered bctuecii the common milder 
cases and the less frequent more severe examples 
In the latter the patient passes from tho initial stupor into a stage 
of profoimd disorientation and confusion with defects of perception 
and disorganization of speech, and then into a stage resembling 
Korsakow’a psychosis u ith gross defects of nvciuory for recent events 
and sometimes confabulation. Tbo final picturo de^icnds on many 
factors especially tho psj chological constitution of the patient. Resi- 
dual mental inefliciency is not uncommon; sex ere dementia very 
rare Moods of excitement or depression are not infrequent in 
cyclotlij-mic individuals. 

Traumatio organic mental abnorinohtics need to bo distin- 
guished from traumatic neurasthenia. In the former the iuipaircd 
mental capacity especially the responso to specifle tests, and the 
constancy of the cranial symptoms, headaches, &c., aro distin- 
guishing features. 

CiLANiAL Nerve Palsies 

Cranial nerxe palsies aro not strictly late effects of head injury, 
since they are produced at the time of the accident, but since they 
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frequently persist after the acute s^ge they are coovenicntly con- 
sidered in this section. Cranial nerve palsies may bo due to injury 
of the brain-stem or of the nerves, either in their intracranial or 
m their extracranial couTae. Contusion of the midbrain may leave 
permanent paresis of ocnlai movement, usually in the vcrtiwil plane, 
either undaterally or bilaterally, resulting in diplopia and often 
associated inth nj'stagmus. Intracranial injuries of the nerv'cs are 
usually the result of ^cture of the base of tho skull. Tbo screntb 
is the neire most frequently affected and after that the eighth, sixth, 
second, third, and fburtli in this order (Sherren). The olfactoiy 
nerves may be involved with orwithout fracture passing through the 
anterior fosaa. The effects of injnries of these nerves are described 
in the sections dealing \nth the cranial nerves. The facial uer\’e, or 
Its branches, and branches of the trigeminal may be divided or con- 
tused as a result of wounds and blows upon (he face. Traumatic 
cramal nerve palsies are usually permanent, tho only exception being 
those nhich are due to contusion of extracranial branches. 

TRAUJUTIC Pi'EVJiOCEPILJl,US 

PrjiiniVion: The pathological presence of air uithin the skull 
as a result of head injur}*. 

Syiionijm-, IntracranUraerocelc. 

Aetiology and Pathology. 

The presence of air or gas uitbin the cranial cavity b occasionally 
the result of infection with gas-fonuing org.uibms. Thus a bubble 
of gas may exceptionally be found xrithin the cavity of an iutm- 
cranial abscess. Tcntriculograpby and encephalography utilize for 
purposes of diagnosb air which lins been intentionally introduced 
mto the cranial cavity by the operator. Occasionally air enteia the 
skull as a result of erosion of bone from within, for example, by intra- 
cranial tumour (Fig. 27), abscess, or Iijdroceph.alu3. Traoma, how- 
ever, 13 by far the commonest causeofthe pathological presence of air 
vnthin the skull. Thb b usually due to a fracture of the skull afford- 
mg communication between an air-containing cranial cavity and the 
interior of the skulk Thb may occur as the result of a fracture which 
involves the frontal, ethmoidal, or sphenoidal sinuses or the mastoid 
air celb or, occasionally, after operation on a nasal sinus. It is rare 
for a fracture of the crania} vault to be followed by the entrj' of air 
within the skull. 

The factors which influence the passage of air into the skull have 
been much discussed. The moat important b probably the circum- 
stance that in a normal individual in sm upright posture the pressure 
of cerebro-spinal fluid wjthm the skull b less than the atmospbcnc 
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pressure. If, therefore, there is a free communication through the 
bone and the dura, air -ftill tend to be aspirated m these circum- 
stances into the skull until the intracranial pressure equals the 
atmospheric pressure. This process may be facilitated by actions 
such as sneezing, swallowing, and blowing the nose, which raise the 
pressure within the nasal air sinuses. The opening in the dura may 
operate as a valve which jx^nnits the entry of air but prevents its 
e.vit. Within the cranial cavity the collection of air may be external 
to the brain Uoth subdural and subarachnoid collections have been 
described, but as the arachnoid is often tom, it is dillicult to dis- 
criminate these The air sometimes penetrates one cerebral hemi- 
sphere, in which it becomes encysted Occasionally it is even found 
within the ventricles, which it ]>robably reaches as a result of a tear 
in the floor of the third ventricle, though it is possible that, as in 
encephalograplij’, it enters tlie vcntnclcs through the foramina of 
Luschka. 

Symptoms. 

Cerebrospinal rhinorrhoea, a discharge of cerebro-spmal fluid from 
the nose, is usually an accompaniment of traumatic pncumoccphalus 
It may, however, occur when the base of the skull is eroded from 
within by intracranial tumour, abscess, or internal hydrocephalus. 
The volume of tlio discharge is variable: it may be small or there may 
bo enough to ncccsaitato the use of a number of handkerchiefs The 
discharge is usually mfluenoe<l by change of posture and may occur, 
for example, only w-lien the patient sits up. It often affords relief 
from headache and other symptoms. The presence of sugar in tlie 
fluid can be demonstrated by Benedict’s test and is a useful diagnostic 
point. In some cases of traumatic pncumoccphalus an albuminous 
fluid has been discharged from the nose This is derived from an 
intracranial air cyst. The presence of air within the skull may 
occasionally be demonstrAted by means of a tympamtic note on 
percussion, more frequently by succussion splash audible to the 
patient and to the obseiwer on shaking the patient’s head This last 
ey'mptom implies the presence of both air and fluid wit hm the intra- 
cranial cavity. 

The presence of air within the skull may lead to focal symptoms, 
especially when it has invaded one cerebral hemisphere. The nature 
of these symptoms dejiends upon the situation of the air. They may 
include mental confusion, convulsions, aphasia, hemiparesis, and 
a grasp reflex. They tend to fluctuate in seventy and may be relieved 
by an attack of cerebro-spinal rhinorriioea Symptoms of increased 
intracranial pressure, for example headache and papillocdema, may 
also bo present. In severe cases coma may develop. 
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X-ray esanunation of the skull is the most valuable single method 
of diagnosis, the situation of the air being exactly demonstrated. 
When fluid is also present uithin the cavity it may be demarcated 
from the air by a horizontal line 'wfaich varies in position in relation 
to gravity. 

Diagnosis. 

Diagnosis offers httle difBcnlty. All cases of serious head injury 
should be X-ra 3 'ed and the presence of air is demonstrated fay the 
radiograms. 

Prognosis. 

Two factors influence the prognosis in traumatic pneumocepbalus, 
the risks of a focal lesion of the brain associated with increased intra- 
cranial pressure and the risks of mcmngitis due to infection entering 
the skull through the opening in the bone. 

Air m the ventricles and in the subarachnoid space is absorbed 
m from ten daya to a fortn^ht. It is doubtful, however, whether 
absorption occurs when the air is encysted by brain tissue. The ri&k 
of infection is high and in the large majority of cai^s of head injury' 
with cerehro-spinal rtunorrhoea meningitis supervenes in the absence 
of operatic e interference. 

Treatment. 

In order to dimlnUh the risks both of further entry of air within 
the skull and of meningeal infection, the patient should be kept flat 
and should be told to avoid forcibly* blowing bU nose Saline purges 
are contra-indicated o^ong to the risks attendant upon lowering the 
intracranial pressure. Sulphanilamide should be given prophylacti- 
cally m doses of ^ to 1 gramme ihnco daily'. 

Operation must alnays be considered and will become necc&saiy' 
when serious symptoms are caused by the oollection of air or by 
mcreased intracranial pressure and when cercbro-spinal rbinorrhoea 
continues. 

If focal symptoms are diminishing and there is reason to belleie 
that the flstula has closed, a waiting policy may be adopted. 

The objects of operation are to evacuate the air and to close the 
openmg in the dura. ' 

CiiBo:!nc ScBUtuKAi. HaEMaTOMA. 

Dffinitioni An encysted collection of blood betw cen the dura mater 
and the arachnoid, sometimes traumatic, but also occurring in the 
absence of recognized injury. 

S'jnonijm-. Pachymeningitis interna baemorrhagiesv. 



LATE EFFECTS OF HEAD INJURY 335 

Pathology. 

In chronic subdural hocinatoina blood slowly accumulates in the 
subdural space. Its origin is uncertain, but it has been suggested 
that it is derived from rupture of a vein running from the cerebral 
cortex to a dural venous sinus. It is possible that the bleeding is 
maintained by tlie fact that the blood compresses the veins or venous 
sinuses, thus causing venous congestion, and by a vicious circle 
further haemorrhage. Russell and Cairns (11)35) in four cases of 
metastatic carcinoma of the dura complicated by subdural haema- 
toma attributed the bleeding to engorgement and rupture of the 
capillaries of the areolar la^ cr. In most cases the collection of blood , 
which may attain a large size, bes over the frontal and parietal lobes, 
and in nearly half of all cases the hacniatoma is bilateral. The blood 
13 encysted between an outer wall consisting of a la 3 ’er of highly 
vascularized granulation tissue slightly adherent to the dura, and 
a thinner, inner wall of fibrous tissue with a single lajer of meso- 
thclium on the side no.xt to the arachnoid It is mostly duid, though 
a coagulum may be present. 

Aetiology. 

Males aro aScctcd more often tlian females in the ratio of five to 
one. Subdural baematoma may occur at any age It is sometimes 
seen in infancy when it has been attributed to birth injurj*, but is 
most common in the elderly. Trauma is the cominonest cause Oilier 
causes include chronic alcobotisoi, nourosyphihs, streptococcal infec- 
tions, blood diseases such as scurvy and thrombocytopenic purpura, 
and carcinoma of the dura. Whatever the cause the patliological 
condition of the dura appears to bo the same (Russell and Cairns). 

Symptoms. 

The symptoms of subdural haeraatonia may follow an injury im- 
mediately. More frequently, however, there la a latent interval 
lasting w eeks or months, less often more than a 3 ’ear, rarely of many 
j'ears. During the latent interval the patient may be free from 
symptoms or may complain of symptoms suggestive of cerebral con- 
tusion. After the latent interval there is a gradual onset of headache, 
drowsiness, and, often, mental confusion. These symptoms often 
fluctuate greatly in severity. As is usually the case when the brain 
is compressed from w ithout, focal cerebral symptoms may be lacking 
or slight, considering the size of the haematoma. When present they 
are likely to consist of hemiparesis, with motor aphasia when the 
lesion is left-sided. The grasp reflex may be present. Papilloedema 
is often absent. Transient ocular paralysis may occur. The cerebro- 
spinal fluid is usually normal, but the protein may bo increased, 
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and the fluid may be xanthochromic. V'entriculography may be of 
value in a doubtful caie by demonstrating displacement of the ven- 
tricular system to the opposite side. CalciJicatiou has occasionally 
been observed radiograpWeally in ahaematomaofverj' longstanding. 

In infanta the onset occurs during the first j ear. Enlargement of 
the head may bo the first abnormality to bo noticed, but convulsions, 
imtability, and vomiting are common and p^Tesia ina3’ be present. 
The head is found to be enlarged, witli a bulging anterior fontanclle 
and frequently separation of the sutures. The t eins of the scalp are 
often dilated PapiUocdeina and retinal Uaeoioirltagcs are usually 
present, leading in the later stages to optic atrophy. The s^'mptoms 
are therefore those of increased inlraccaaial preasture with cortical 
imtation, and paral^'sia of the h'mbs is usually absent. The ccrebro- 
spmal fluid may be bloodstained or .'canlhochroniic with considerable 
excess of protein and is rarely normal. The diagnosis is established 
b}’ subdural puncture, carried out at the lateral margin of the an- 
terior fontanclle, xanthoclironiic, or bloodstained fluid being with- 
drawn irom the subdural space. 


Diagnosis. 

The diagnosis of subdural Laematoma oSers little difficulty w hen 
there is a clear bistorj* of recent bead injnrj*. In tie absence of this 
the signs of a progressive focal lesion 1043’ simulate an intracranial 
tumour, especially when papilioedema is present. Tlio fluctuating 
character of the drowsiness and mental confusion, however, may 
suggest tiie true diagnosis. In an elderl3' p.vtieiit with a history of 
head injury it may be difficult to distinguish subdural haematoma 
from a vascular lesion of tbe brain due to cerebral arteriosclerosis. 
Indeed, the distinction may bo imposaibic without exploration of the 
subdural space Chrome alcoholism in its later stages may lead to 
mental confusion and drowsiness, and, since it is a predisposing 
cause of subdural haematoma and ma3- also lead to accidents which 
involve head injury, may give rise to difficulties in diagnosis. In such 
cases, again, exploration is likdy to be necessary. 

Prognosis. 

The prognosis of subdural haematoma is ver3' ^ood, provided 
the diagnosis is made sufficiently early, so that o])eration can be 
performed before the patient’s general condition has seriously 
deteriorated. In such cases complete recovery is the rule. 
Treatment. 


Treatment consists in tbe surreal evacuation of the blood clot. 
The fact that the haematoma is tnlateral in nearly 50 2>er cent, of 
cases must always be borne in mind. 
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and the fluid may be xaiitbochromic. Ventriculograpby may be of 
value in a doubtful caie by demonstrating displacement of tho ven- 
tricular system to the opposite ade. Calcification has occasionaUy 
been observed radiograpMcally in a haematoma of very long standing. 

In infants the onset occurs diumg the first year. Enlargement of 
the bead may be the first abnormality to be noticed, but convulsions, 
imtabihty, and vomiting are common and pjTexia may be present. 
The head is found to be enlarged, with a bulging anterior fontaneUe 
and frequently separation of the sutures. The veins of the scalp are 
often dilated Papilloedema and retinal hacniorriiages are usually 
present, leading in the later stages to optic atrophy. The symptoms 
are therefore those of increased intracranial pressure mth cortical 
imtation, and paral3'sis of the limbs U usually absent. Tlie cerebro- 
spinal fluid may be bloodstained or xanthochromic with considerable 
excess of protein and is rarely normal. Tlic diagnosis is established 
by subdural puncture, carried out at the lateral margin of the an- 
terior fontancUe, xanthochromic, or bloodstained fluid being wilh- 
drawTi from tho subdural space. 


Diagnosis. 

The diagnosis of subdural haematoma offers little dUficulty when 
there is a clear history of recent bead injury. Jn tho absence of this 
the signs of a progressive focal lesion may simulate an intracranial 
tumour, especially when papilloedema is present. The fluctuating 
character of the drowsiness and mental confusion, however, maj' 
suggest the true diagnosis. To an elderly patient xrith a history of 
bead injury it may be dilficult to distinguish subdural haeiuatoma 
from a vascular lesion of the brain duo to cerebral arteriosclerosis. 
Indeed, the distinction may be impossible inthout e.vploratioii of tho 
subdural space. Chronic alcoholism in its later stages may lead to 
mental confusion and drowsiness, and, since it is a predisposing 
cause of subdural haematoma and maj' aLo lead to accidents which 
mvolveheadinjury, may give risotodifficul ties in diagnosis. In such 
cases, again, exploration ts likely to bo neces&aiy. 

Pto^osis. 

The prognosis of subdural haematoma is very ^ood, prorided 
the diagnosis is made suffidently earij', so that ojicration can be 
performed before the patient’s general condition has seriously 
deteriorated. In such cases complelo recovery is the rule. 


Treatment. 

Treatment consists in the surgical evacuation of the blood clot. 
The fact that the haematoma is bilateral in nearly 50 per cent, of 
cases must alvraj'S be borne in mind. 
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Traumatic Epilepsy 
Aetiology and Pathology. 

Our knowledge of the factors influencing the development of 
epileptic fits after head injury is mainly derived from obser\ ation 
of cases of gun-shot wound of the head Avhich occurred during the 
last war. Such injuries are not strictly comparable with the head 
injuries of civil life, since they include a mucli higher proportion of 
penetrating w ounds and a much smaller proportion of cases of simple 
concussion and fracture of the base of the skull. 

The frequency with which epilepsy follows head injury has been 
variously estimated at from 4j per cent (Sargent) to 25 per cent 
(Rawling) of cases. Probably under 5 per cent, represents the average 
incidence. 

The latent period between the uijuiy and the onset of fits is 
extremely variable. In a small proportion of cases fits occur imme- 
diately after the injury. Those usually cease, and if coavuJsiojia 
subsequently develop they do so only after an interval of freedom. 
Apart from these early attache fits may develop within a month or 
two of the injury, or they may bo delayed for as long as ten years 
In Stevenson’s series the longest interval was fourteen years In 
WagsUffe’s series the average interval was about two years The 
severity of the injury is imiiortant in relation to the likelihood of the 
development of convulsions. Wagstafib found that when tiie mjury 
caused penetration of the dura the incidence of epilepsy was 18 per 
cent., whereas in ail cases of less severe injury it was only 2 per cent. 
This fact acquires significance from Foerstcr and Penfield’s observa- 
tion of the part played by scar tissue in the aetiology of traumatic 
epilepsy. It w ould appear that epilepsy is most likely to occur w hen 
vascularized scar tissue unites the surface of the brain to the dura, 
and this is obviously most likely to occur when the dura has been 
penetrated. A family history of epilepsy is sometimes present, so it 
is probable that inherited predisposition plays a part in the aetiology 
of traumatic epilepsy in souio cases. 

Symptoms. 

Epileptic attacks follow ing head injury may be focal or generalized. 
Focal attacks often occur immediately after the injury. Tlieir 
character and the nature of the aura, if any, depends upon the 
situation of the lesion. Even when the early attacks are focal there 
is a tendency for generalized attacks to occur as time goes on. 
Patients may also suffer from petit mal. For tfie character of these 
various forms of attack the reader is referred to the section on 
epilepsy. When thoinjury has involved the substance of the cerebral 
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hemisphere, corresponding symptoms are likely to be present, and 
these may be intensified fora short time after each attack. - Radio- 
graphy, especially ventnculo^phy and encephalography, are ollen 
of diagnosbc \alue, since air may fail to reach the area of cortex 
adherent to the dura and it may be ]>03sib!e to demonstrate a traction 


Fie 40 > eatneuSogram Khinviug tratlion <1i\ct-ticulim> in tlio loft frontal 
region follouing a ftseture. (Iliulio^iun by Dr. 


diverticulum, the lateral ventricle, being drn\m touards the lesion 
by the scar (Fig. 40), Tlie electro-cnccphalogram is normal between 
the attacks. 

Diagnosis. 

For the diagnosis of epilepsy see p SG4. The traumatic origin of 
the convulsions c.in usually only be established when there is a 
history of injurj*, and this should be especially inquired for, fuko 
the jKitient may not realize its importance when the attacks do 
not begin until several years later. It must be remembered that ft 
previous head injury is not necessarily the cause of the attacks, but 
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ita actiological significance is rciiirorccd if the fits have a focal onset, 
if there are persistent sigiia of a focal cerebral lesion, and if the 
radiograjiliic abnormalities already described are present. 

Prognosis. 

The factors which influence the prognosis of idiopathic epilepsy 
apply equally to traumatic cases, but it appears that when a gross 
focal lesion of the brain is present tlio prognosis .is lo rccoicry is 
worse than in cjnlc])sy not lliiis complicated. 

Treatment. 

Patients with traumatic cpiIc|tsysl>ould receive medical treatment 
on the same lines as e.-ific‘s of Hliopathio epilepsy. Only when t}ii<i£aila 
to yield satisfactory results shoiihl operation be considercil. The 
surgical treatment of traumatic epilc|)3y has been carried out for 
many jears, but has fallen into comiurativ© lUsicjiutc. Lately, 
howoNcp, it has been revivotl by Foerstcr, who claims that by tins 
method ho has obtained a eesMilioii of attacks for a number of joars 
If it is to be successful the presence of a focal !c.'<ion of tho brain must 
be cstablLlied by the methods already described, mid it must be 
possible to reproduce tho attacks by clectrlc.al stimulation of the 
exposed cortex in tho aifcctc'd area. Treatment consists in a free 
excision of tho sear tis.-<uc. 

0/^cr sequeU a/ head iujury, which .iro described in their respective 
sections, are meningitis, intracreiiial alisccss, diabetes insipidus, and 
Parkinsonism. 
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3. INTRACRANIAL BIRTH INJURIES 


Aetiology and Pathology. 

Normal labour involves considerable compression of the foetal 
head and probably in many cases blight intracranial damage, as is 
indicatedby the presence of red blood-cells in the cerebro-spinal fluid 
in a proportion of normal newly bom infants It is not surprising, 
therefore, that serious intracranial injury may result from excessive 
or otherwise abnormal compression due to abnormal presentations 
or contracted pehis The most senous intracranial birth mjunes 
are tears of the dura involving rupture of important venous sinuses. 
As Holland has shown, the most important actiological factor is 
excessive longitudinal stress leading to abnormal tension on the 
falx, which is anchored postoro-inferiorly to the tentorium, as a 
result of which the tentorium may be torn or the vein of Galen 
ruptured. Large basal haemorrhages occur in such cases. In 
Holland’s scries of 157 fresh foetuses the tentorium was torn in 81 
(48 per cent.) and the falx m o. Subdural haemorrhages occurred 
in all but 0. Over-ridiug of tbe {larietal bones may lead to rupture 
of the superior longitudinal sinus or of one or more of its venous 
tributaries, witli the production of a supracortieal subdural haomor* 
rhage, which is usually confined to, or prcdoiumatos upon, one side 
Abnormal longitudinal stre&s b most likely to occur m breech 
presentations, which are, therefore, fraught ^ritll special danger to 
the child. In such presentations, moreover, the thorax may be 
subjected to considerable compression, thus leading to mtracranial 
venous congestion, oedema, and petechial haemorrhages Pre- 
maturity appears to predispose to intracranial haemorrhage, perhaps 
because the intracranial vesseb are more delicate in the premature 
than in thefuU-term child. Bilateral subependymal haemorrhagesmay 
bo found in the lateral ventricles. The Schultze method of resusci- 
tation has been blamed ibr dural tears. False porencephaly maj’ be 
a later result of supracortieal haemorrhage, and it is possible that 
some coses of congenital hydrocephalus may be late sequeb of 
intracranial birth inj'ury. 

Symptoms. 

After a severe intracranial haemorrhage the cliild may bo still- 
born If it is living it is likely to exhibit ‘white aspbj'xia ’ ,duo to 
medullary paralysis. If it recovers from this, it may be ejanosed, 
breathing slowly and irregularly. The pulse may be slow or rapid 
and feeble. The child cries feebly and b difficult to feed. Generalized 
rigidity’ with head retraction b common, and local or general con- 



nu JNJUUIES OF THK iUUIN' 

>uljjt>tw nijv«x<tjr. A Mijirarortical Initmorrhcigc is likely to Icjii to 
hcniiplegu I’.ipilloeikma awl retinal Jutmoirli.igi-s may bo iire-Nent, 
ami in wjmo CO'CS exophtbalinos, ute«|Ualily of tho piii'iN, '‘tpiiiit, 
awl n^»lapiuw wxur. TIic fuiiUnellcs may l>o bulging uwl nou- 
puLvaling Tlic terebro »iHnal UuM is liktJy to be Llombstaiiicil awl 
ujvUr pro'sHte, aiwl tl« li.u;«u>rrliage supra- 

«>rtjcal It ni.i\ be |iocvabIu to uitlulniu bluoil by MiUlural pumturo 
at tlic lateral aiizle of tbo anterior ftmtanellc. 

Ill Mime r.U'e-i the sigtis of injury* aro ab'Ciit at birth but iletelop 
gr.uluaily in tho wiirx- of the lin>l four or live ilays. 

Djjgnusts. 

Tliire II tiMi.illy little doiiLt about the i]iagti(»i.4, ihoiigli ucea> 
'-iiiaalh mtraiTaiiul injury may be »u<i>£-cleii tit a ciiihi MiUtring 
from (tiiigenit.il ilijilcgU. In the Litter cumlitiuit, lioue^er, lutal or 
gewral inicnicephaly Is not unrommon; the fontAtii'lle uill not 
bulge awl the cirehro-.-pinal lluht w likely to be imnital. 

Prognosis. 

In the majunty of (a'a-.» in ulucli Iho sjimptomii oru Milllrirntiy 
M.‘\ere to Lwibte an intracramal birth injury to l>c diagno^n!, ilratlj 
iMCiirpi if nut IkToai or immcilulely after hinli, mthin three or four 
daiis Infants oliidi .iiirtiie may >ulftr front inrantilc liemipltgh). 
ejiiIejM), ini-iital defeat, or congenital hjdroix'phalus. ritilijliietiin. 
gitw interna haeinorriiagica of infantM is n'gar UsI hy t>ome ax .t E>c<iuel 
of intra(r.)iiMi birth injury. Congenital diph'gia i* jirokihly only 
><r> rartlv thus ]>r(alm-<xl. 

Treatment. 

Ill niikl e.vxs ]uni1>ar {mmtiire iwiy lx* ii^il to hover tho iiilra. 
<raiiuJ |>rvfliiiv. In K-»<re i.-ua's it |>n>bab1y dix-a more hanii than 
gixjil When the iiiploms iwlk.ste the pnx net* of ii eupnnsirtkal 
liai innrrhage an attempt may lie ni.vle t()n:.iiiu>e M>mi> oKhe hioml 
bv »iiUlumI piiwtiiro ihrougli the Littrai nnglo of Ihe anterior 
fontaw lie or by ertniet tnmy. 
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CHAPTER VI 

DISEASES OF THE MENINGES , 

1 THE ANATOMY OF THE MILNTNGEvS 
The brain anJ spinal coni arc covered by three membranes or 
mctvm^jes nainal, from without inuard^, the dura imvter, the aracli- 
noid, and the pia mater. 

The Darn J/a/fr is thick and librous anil scr^'cs as the internal 
pcnosteuui of the bones of the skull, to uhicb it is closely applied. 
The inner surface is covered with u layer of endothelial cells. Sheaths 
of dura mater extend outwards fora abort distance ns a cotcring 
for the cranial nerves as they pass through tlieir respective foniinina. 
Certain tibroiis processes of the dura, or septa, iiurtinlly separate the 
cranial cavity into compartments. Tlicsc are the falx, the tentorium, 
the falx ccrebcUi, and the diaphragina ecUac. The falx descends 
from the cranial vault in the middle lino Ij-ing between the cerebral 
hcnu'‘pherc3 in the great longitudinal nssiirc. Jt in attached untcriorly 
to the crista galli and posteriorly to the tcntoriiiiu. At its suixirior 
attaclicd liorder it splits into two layers tu contain the stijicrior 
longitmUnnl sinus, and its lower free bonier similarly splits to contain 
the inferior longitudinal sinus. The tentorium cercbelii forms a 
jurtition between the posterior and middle fovae of tho skull, its 
ffX‘C bonier surrounding the midbrain and its attachtsl bonier being 
tWfd to the occipital and parietal bones and to the sujicrior border of 
the petrous portion of the tcmponil bone. The jiosterior part of its 
attached bonier splits to encloso the lateral sinu.e, and tho anterior 
part similarly enclctecs the sujicricr pelrobal sinus. The falx cerebclU 
lies in the middle lino between the tentorium and tho internal 
ucnpital crest, to both of which it is attachal, and it.s free berder 
separates the cerelicllar hemisjJiercsi |K)i'tcriorly. The-’diaphrngma 
setlae fomu a roof to the sella (iirrica mid contains an opening, 
through which posses the infiindibuliiin. 

The f’la Jfalcr is a delicate membrane lineil wilhcndotheh.al wdls, 
which mtiniatcly clothes the surface of the brain, dipping into tho 
sulci. 

Tlic Anichnuid is a similar membrane, I^ing between tho dura 
mater and the pLi mater ami bridging o%er the sulci. The s|»aeo 
between the arachnoid and the jua inalrr, wliich is Vnoun as liic 
Bubarachnoid spice, contains the cercbro-spuial Ouid. Its expansions 
are knomi os the suktrachnoid cistenu. Tlie cistcnia inagn.i lies 
between the inferior surface of the cerebellum anil the portenor 
surface of the medulla Tlie cistema jionlU, eontinuou* with this, 
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lies anteriorly to the pons and is continued upwards into the cLstema 
interpeduncularis This in turn is continued forwards into a cistern 
lying in front of the optic chiasma — the cisterna chiasmatis The 
subarachnoid space and its continuations into the substance of the 
nervous system — the perivascular spaces — have been described in 
the section on the cerebro-spinal fluid (p 108). Between the dura 
mater and the arachnoid lies a potential space, the subdural space. 

The spinal meninges are described in the section on the anatomy 
of the spinal cord {p. 601 ). 

The dura niater is hnow n as the pachyraenin.v, the arachnoid and 
the pia mater as the Icptomcningcs Hence infection of the dura 
mater is described as pachymeningitis, and infection of the pia and 
arachnoid as loptomeningitis or simply as meningitis. 

2. TUJIOURS OF THE MENINGES 
See Intracranial Tumour, p. 221 

3. CALCIFICATION OF THE FALX 
Calcification of the falx is‘ usually discovered accidentally in the 

routine radiographic e.vammation of the skull. It is best seen in 
po&tcro-antcrior radiograms as a well-defined linear opacity in the 
middlcdine. The calcification is much less evident in lateral radio* 
grams, iii w'hich it appears as scattered opaque flecks, most evident 
immediately above the crista galli and extending backwards for 
a variable distance Little is known as to tlio cause of the calcifica- 
tion, but it has been suggested that it is the outcome of a low-grade 
chronic infection. I have obi^erved it in two cases of cerebral syphilis, 
but usually the cause is not obvious. It is uncertain whether it 
causes symptoms, though headache has been asenbed to it. Its 
association with epilep.sy appears too frequent to be fortuitous. 

4. PACHY5IENINGITIS 

^ SVTJIIUTiC PACUYMENINOITIS 

See section on Syphilis, pp 3y0-l. 

Fvogeskj 

Infection of the dura mater with pyogenic organisms is usually 
secondary to pyogenic cranial osteitis. The symptoms and treatment 
are those of subdural abscess {p. 374). 

Pachymeningitis Interna Haemorruagica 
See section on Chronic Subdural ILiematoma, p. 334. 
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r>. ACUTE LEPTOilENTNCaTlS 

Dfjinihoii ■ Aiiitf hiiUinmation of the Jcptojweningc^ 

Aetiology. 

Jnfcilioii may n-ach tlie Icploinoningt** by tlio following routes: 

{JJ iJinct I’pri'iil frrym ntthouL Tliis may occur .i« a rc-ult of 
trav lure «>{ ll\c sWuU. cilhcc in the Cise of iteuctrAting wQuiuU of the 
tratu.ll or fracltires of tbe Iw-c, when org-mi'-ms in.iy .“prcacl 
to tlic mi'iungcs from the irwoplwrynx. In the- latter caso the 
fraiturc nuy U* uiuni'j>ertt<l until meiunjriti4 develops. Other 
extcrn.tl siiuri'os of meiuiigitii aru oisteitis of the cranial bones, 
n\.\stoi<lilid, inicction of tl»c tvas-vl air himiKts, especially 
the frontal fums, ami of the eoft tK'Ues of the sCJiip, and thrombo- 
Iihicbiiis of the intraomninl venous Kumscs, 

Cl) *pr<ai{ /rvut fcilhin may oe<ur when the meninges 

are infetusl vccomhirily to an intra<.mm.il alisce^s of embolic 
»>ngin or tn lubcnvtlons nveningitis Mjcoml-vry' to a cerebral tiilwr- 
itiloina 

(ill Infretiott ihrfiiitjh the tUotMl-flnam. In sneh eases ineningitii 
follows IbuUn.icmia. It may be Ibuonlyor the princijvvl manirvstn* 
lion of this, «s in Ni-callctl 'priinaiy*' pnciimucs>ci'nl meningitis uml 
in inti«ni:v5cs>cc.vl mctiingitw, of olvicU chronic i<onterior basic 
ineningitLs is n form, or tfic Infeiiion of tlic meninges tniiy bu 
Mstmdar.v to futal infection elscwhero in the boily, for evnniple, 
pnciiinonu. eniii^oma, coteoniyelitis, cr^si]<cl.'is, enteric fever, 
m winch ease tho bactcruuniu may or m.vy not Iki atf^suiinled 
with cndoearvbtis duo to tUo infecting organism. Tnljcrculou* 
nieiiui];iiis m.iy thus U' jurt of a general miliary dissemination of 
tiil>crrulck>is. 

1 1 ) Mtiiinijtlii fuiniillctttiii'j Knerphntitie awl ,l/yi/i7i>. Meningeal 
inllammat ion often {>lays»MiU>nUnatop.trt in the pirture of encepha- 
litis or invelilis Acute anterior }HtUuin\clitU is this lic«-l example 
of Biirli a iiKiiingo enct|i)Ml(Mn^eIitl-<, and incningcal inlLunina- 
tion Minilarly ocium in herjx-s roster. In mk h ecuiditinns iiitningcal 
sMiiptonw may lie |intinlnciit or slight, but the ctrehro sjunal thud 
V telds ev idenee of meningeal iiiiiauiinatioii. 

(.*») OtAcr/orBMi/ iUniwjltis. Sulvicachnoid UoituorrlugccxciU-s 
an intlamniatory ri'.vctiun in the k'ptoineninges, though organisms 
an.' ab-x-nt Toxic irritation of the nieiungea also jiLiys n jtart in 
acute Icail eiuei>h.ilo|ivlhy. Occasionally ill ca-scs of mcniiigitis no 
MJiirci* of infect mn w found and iu> organism sure ciiltivateil from the 
ivrcl.ro sjuiial thud 'nds romlitiun is known as *aculo ti-cplic 
mtiiingilw' Tito tirm ‘•xrous iiirningilis* no constant 
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meaiiiiig. It has been applied to at least groups of cases. 

(1) meningitis associated ndtli a cranial focus of infection, for 
example mastoiditis, \iithout the jiassage of organisms into the 
cerehro-spinal fluid, and (2) liydcocephalus, probably due to defective 
absorption of cerebro spina) fluid and not uncommonly a late result 
of mastoiditis or otitis media ‘Menmgism ' occurs as a complication 
of acute infections, esjieciaUy in childliood. Symptoms of meningeal 
irritation are associated with a nso in the pressure of the cerebro- 
spinal fluid. This is secondary to dilution of the blood as a result of 
which the pressure of the cerebro-spmal fluid is increased while its 
chloride and protein content fall. 

Spinal meningitis, that is, meningitis arising in, and at flrbt limited 
to, the spinal canal, is rare and is usually secondary to Obteitis of the 
\crtebral column. 

The following organisms arc those commonly responsible for 
meningitis. The memngococcus is the cause of epidemic cerebro. 
gpmal meningitis and also of sporadic cases. The pneumococcus may 
cause ‘primary' meningitis, meningitis complicating pulmonary and 
pleural infections, infections of the nasal air smuscs and middle car, 
and meningitis following fracture of the base of the skull The 
streptococcus, and less often the staphylococcus, are responsible for 
mcmiigitis following trauma and cranial osteitis and occurring in 
various pyaeuiic slates The tubercle bacijlusisresponsiblefor tuber- 
culous meningitis •, and the spirochaeta pallida, when it invades the 
nervous system, causes meningeal inflammation varying in acuteness 
and severity. A filterable virus is the cause of acute lymphocytic 
chorio-meningitis. Other organisms less frequently the cause of 
meningitis are B. typhosus, coli, enlerilidis, dyseniertae, influenzae, 
anthracis, aharius, the gonococais, (he viruses of mumps, psitta- 
cosis and infectious mononucleosis, sfreptolhrix, leptothrir, the spiro- 
chaete of ^^’el^8 disease, and yeasts, such as iorula. ^Iixed infections 
may occur. 

It is convenient to classify acute meningitis as follows: 

(1) Acute pyogenic meningitis, due to the streptococcus, piieumo. 
coccus, staphylococcus, and pyogenic organisms other than the 
meningococcus. 

(2) Meningococcal meningitis. 

(3) Acute lymphocytic cliono-meningitis and acute aseptic inemii- 
gitis 

(4) Tuberculous meningitis. 

(3) jMeningitis due to torula 

(6) Spinal meningitis. 
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3iS 

Acute 1*yooemc ME^I^o^•^s 
(other than Mrningococral Meningitis) 

Pathology. 

Uliatc^cr the caiwithe orgnnum the p.'itliologicul chaiigt$ in 
acute pjogemc inenittgitU are aimiUr in all tosea. Whether (he 
organism rrathea the incniiigcs by ilircclS'piTail or through tho Uof*!- 
htreain. inHauiination and its pruilucts l)ccome rapidly dilluseil 
through tho uhule subarachnoid space of tho brain and spinal cord, 
'fhe siMco betueen the pia mater and tho arachnuitl menibrancs 
becomes fdled v.atU grvenisU*>cUow p\is, which may co\cf tho whole 
leri'bral cortex or imay Ite uccasionolly conlliu-d (o tho sulci. In cases 
of cranial osteitis ami cerebral abscess the pus may be niost evident 
near ibc soiircv of the infirtion. The cortical ^eins arc (ungosted, 
and the cun^ ohiUons ore often tlattencd oaing to internal h^dni- 
ccphalus Microscopically tho Icptoiucninges sbov iiiilanimAtory 
infiltraiuin which in the early stage* cvilmsIs wholly of ixilymor* 
phonuclcor (vlls, though in the later stage* l^vniphocy tea and plasma 
ccUi are pn-'cnt. Tlio cerebral hcnn'phm** show little chango except 
for peneasccilar intlaiiiinatory mtiltratiun of tho I'ortex. In chronic 
{loatcnor basic meningitis (ho inUauuuatioti i* contlned to the base 
of tho brain and mmibits of chronic Ihichcning of I ho pi.a Arachnoid 
with adhesions but little or no exudation. Internal hydrocephnlns 
u a cotiiinon and iiuiwrtant cviiiplicatiun of acute ininiiigilu. It is 
moat often due to intlanimator}' adhesions in the ci'<teniA iiiagna, 
ob‘>irucluig tho oultlow of <erebru-i>pmal iluid from ihu fourth 
%cntn(Ic Anotlicr factor in the production of h}'dn>(vphali(a t* the 
olntructibu odcreti l»y the intlatnuiatOTV exudato to tho upwarvl 
|iaK..>jge of IhoeYrebru-spmai tiuhl over (he hi'inisphcrc* and ini|MUr. 
meijf of its aliM)r]iliun hy bliKLage of tho urothnoid \illi with in« 
tlamniatory (ircslucts. In inciungiiis the infcctiiin m.-ty siircod to tlie 
optic tune*, causing true optic neuritUaji.arl from the ixipilloodciiia 
iluo to raised intrac-ranial pressure, and to the internal ear, some- 
tune* causing (Hmiancnt deafness. 

Symptoms. 

All fonns of aiute inciungitts, ohateier their cniiH.*, jsisseivi a 
numlxT of sjmptom* in common. Tlio oiim. 1. fStemN uicr one to 
three da>». Ilc.tdachc. uicreasing in seicrity, is iinully the 
uiitiai semptom 

Tlie gimral s^iuplom* of an infection an> iioiialiy ii>»»picHO0i. 
Feiir IS the rule, though the degree uf p^Texia varii-*. TliO tcnijsra- 
ture IS Usually between 1(1U* aimI though h>{«.r]>yrcxia may 
occur, rsjiecially in tlus Icmiiiul stage*, llie pulse-rate Is also 
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variable. It is sometimes slow in the early stages, for example 
between 50 and 60, but always rises as the disease progresses and at 
the end is usually very rapid and often irregular. The respirat9ry rate 
IS usually sbgbtly increased, and various forms of irregularity of 
respiration, especially Chcjmc-Stokes bmathing, occur in the later 
stages. Headache is a prominent symptom and is usually very 
sev ere, possessing a ‘bursting’ character It may be diffuse or mainly 
frontal, and usually radiates down tho neck and into the back, bemg 
associated with pain in the spine which radiates to the limbs, 
especially to the lower limbs. Vomiting may occur, especially m the 
early stages Convulsions are common in children but rare in adults 
The patient tends to lie in an attitude of general flexion, curled up 
under the bed-clothes and resenting interference. 

Signs of Meningeal Irritation. 

The following signs arc of special value ns indicating meningeal 
irritation. 

Cemcal liigidiiy. Cervical rigidity is present at an early stage m 
almost every case of meningitis It is elicited by the observer’s 
placing his hand beneath the patient’s occiput and eudeavounng to 
cause passive Qoxioii of the head so as to bring the chin towards the 
chest. In a normal individual this can he accomplished with ease and 
without pain In meningitis there is a resistance due to spasm of tho 
extensor muscles of tlie neck, and an attempt to overcome this causes 
pam. 

Head lielracfion is an extreme degree of cervical tigidity brought 
about by spasm of the extensor muscles, but it should be noted that 
cervical rigidity may be demonstrable by tho observer before head 
retraction has developed. Flexion of the neck causes a nso m the 
tension of the cerebro-spinal fluid in the cisterim magna. When tlie 
meninges are inflamed this is jiaiiiful, and cerv ical rigidity and head 
retraction are examples of reflex spasm of a protective character. 
Cervical ngidity is usually associated witli some rigidity of the spine 
at lower levels. 

Kemig’s Sign. Kermg’s ugn, though slightly less frequently 
encountered in meningitis than cervical rigidity, is of a somewhat 
similar nature. An attempt to produce pa^ive extension of the knee 
w ith the hip fully flexed evokes spasm of the hamstrings and causes 
pam. This procedure causes stretching of the spinal nerve-roots 
passing to the lower limb and is painful when the lower end of the 
subarachnoid space of tho spinal cord is distended and the lepto- 
meninges are inflamed. 

Brudzinsli’s Signs. Bnidzinski’s signs are present in meningitis 
with a frequency somewhat less tlian that of Kenug’s sign. They are: 
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(1) The idenlical contra-lateml reflex. On passive flexion of one 
thigh and leg a similar movement occurs spontaneously in the 
opposite lower limb. 

(2) The reciprocal conlra-laterai reflex. On relaxing one loner limb 
after passive He.xion, flexion of the opposite lovver limb occurs. 

(3) The neck sign. On passive flexion of tlic neck, flexion at the 
hips and knees occurs. 

Other Si'jn<i 

The ment.d slate of the julient vanes atconling to the stage and 
progress of the disease. 'Delirium is common in the early stiigcs, but 
tends uheii the dUcase is progressive to give place to druvv»iness and 
stupor, uhich is followed hy coma. Pliotophobi.') is irequcutly present 
and there is a general hypcracatlie.via to all forms of btimuli. The 
ocular Imidi may bo normal or may show* venous congestion or 
papillocdema. The last is inconstant. The pupils are often unequal 
anti may react sluggishly. In the l.x(er stages tlioy tend to he 
djlnted and fixed I'tosis is common, -and squint and diplopia are 
often present Any of the ocuLir muscles may bo paralysed, most 
frequently one or both external recti. Facial ]>an.-sis is not rare. 
DilHculty in swallowing may occur in the later stages. Sliiseular 
power in the limbs is usually well prv^e^ved, though slight in* 
co-ordination and tremor are commuu and tiierc is lonsitleruMo 
muscular hj-potonhi. A general ilaceid paral^sH is a terminal oveiit. 
Thu tendon reflexes are usually slug g iah and often arc soon lost; the 
abdonunal reflexes also di>appc.ar ?ariy: the plantar reflexes are 
ttsually flexo^ at first, though later one or both may bei-omo txlensorr 
Sensory Io»8 does not usually occur. True jwral.vsis of spliinctcr 
control occurs only late, but llicmentalstateof the patient may lend 
to retention or uicontmenee of urine early in the illness and co>ibli|>a* 
tion is the rule. Tache ccrehralc is often clicitahle, but is not 
pathognomonic of menuigitis. ^ 

^lemngitis localized for a time to one lieiuisphere may cause 
Jackboman convulsions, hemiparebis and even heniianopia. ‘ 

The Cerebrospinal Fluid. 

Tlie cerehro-spinal fluid is under increased presbUro. Its upi>caranee 
depends upon the number of leucocytes pre»eut, and ranges from 
slight turbuhty to frank puruknee. When the fluid is turbid the 
depodt is yellow, and when niacroscopical pus is present the super- 
natant fluid is frequently xanthorliromic. The spontaneous forma- 
tion of a fine coagiilum is not uncommon. The cells are jiredoraiu- 
antly polymorphonuclear and these may be present in very large 
numbers, amounting to many thousands per cnim. There is fre- 
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juciitly a bmnll i)roi>ortioii of large inonoauclcar cells Tiio prolciii is 
ucrca.sc<l, and in frankly puriilenf fluids uuy reach a high level — 
>•5 {KT cent or more The chluridc content of the fluul h reduced to 
ioO to dSO mg per 100 c c on an average Glucose rdj)idl 3 ’ dis- 
ipjicarsfrum the Kiiid Lange's colloidal gold curve is of the mciiingi- 
ic type Organisms may he demonstrated in the films or on culture, 
ml may he ahsciit in eases of localizes! infhiiiiiiiation of the meninges 
Filterable viruses requin' si*ec!al methods to demonstrate them. 

Oiat^nosis. 

Acute pyogenic leptomeningitis must be distinguished from (1) 
'cncral mfection.s ussociatcnl with tovuemia, especially those of 
.\ hich headache La a {irominent s 3 'inptum . (2) tncningism (3) acute 
cerebral infections, including varioiH foriiiH of encvplialitis and 
Intracranial nbsccs.a, (1) other forms of meningitis and meningeal 
irritation 

([) Acule yairmt infcdions which most commonly Hinulato 
meningitis arc influenza, pneumonia, t>p)toid fever, ami acute 
rheumatism These arc (lislinguislied from mi ningitis bv the 
prcKmce of the cliaractoristie local and genera) symptoms of tho 
infection and b} tlic absence of bigiis of meningeal imtatioii, csi>eei- 
aWy cervical rigiility ami Kcrnig'a wgiv U must be remembered, 
liovvovcr, that acute infe< lions may lead to mcningisin or may bo 
complicated by meningitis, and in either case signs of meningeal 
irntation will Iw present When the diagnobis is in doubt, tlierefon*, 
lumbar puncture should be iicrformcd. 

(2) Menhigism is a state of meningeal irritation complicating acute 
infections It is usually encountered iii ai>.sociation with the acute 
specific fevers anil pneumonia in childhood. Cervical ngidity and 
Keruig’s sign arc present, but the ccrcbro-Rpinal tUiid, though under 
increascil presaure, Ls normal in eoni])OsiUoii except for a low chloride 
and protein content. 

(3) EncfphaUiis Ulhirgica is rarely a.<c<ioeiuted with symptoms 
of meningeal irritation. Thc»e, however, are much more frequently 
present m the acute meningo-encephalo-mytlitin of childhood and 
m acute disseminated encephalo-myelitia complicating the specific 
fevers, and are almost constant in tho csarly fetages of acute polio- 
myelihs. The dkignosis of these disorders is based upon tho presence 
of signs of involvement of the nervous system, especially tho grey 
matter of the midbrain in cnecphalitislctluirgicaand of the pyramidal 
tracts in the various forms of acute disseminated encephalo-myelitis. 
In acute poliomyelitis the stage of meningeal irritation precedes tho 
development of atrophic iiaraljsis In encephalitis lelliargica ami 
acute disseminated enccphalo-mj’ebtis the cciebro'spinal fluid is not 
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nncommonly normal, and when a Icucocytasis is present the cells are 
mononuclear. In acute poliom}!;!!!^ the ccrebro-spinal fluid contains 
an excess of cells, which duiing the first few days consist of both 
polymorphonuclear cells and lymphoc^'tes. After the first \reek 
Ijmphocj'tea alone are found. The presence of lai^e numbers of 
lymphocytes and of a normal glucoae content of the fluid diflerenti- 
ates the condition from acute pyogenic leptomeningitis, and the 
normal chloride content distinguishes it from tuberculous meningitis. 
Intracranial abscess ma.y simulate meningitis nheu It gives rise to 
cervical rigidity, which, however, is usualij’ not severe unless menin* 
gitu co-exists. In cases of intracranial absccas the eercbro-spinol fluid 
usually contains an excess of cells, though not often more than 100 
per c mm., the niajorit}' being lymphocytes. The chloride and 
sugar content of the fluid ore undiminSshed and organisnu are absent. 

(4) Subarachnoid haemorrhage, since it leads to meningeal iiritO' 
tion, may clocgely simulate meningitis. Its onset, honever, is u«ual]y 
more rapid, and the true diagnosis is readily established by the 
demonstration of blood in the cerebro-spioal fluid. A localized menin- 
gitis. sometimes called tenus meningilU, mar occur as a complication 
of prc^enic infection in the neighbourhood of the meninges, es- 
pecially of mastoiditis, subdural abscess, and lateral sinus thrombosis. 
In such cases the cerebro-spinol fluid is u»uaUy under increased 
pressure and exhibits a slight excess of cells, nUch may bo either 
polymorphonuclear, mononuclear, or mixed. Organisms are absent. 
J/enin^ocoecol Tnenin^itts U to be suspected in cases of acute menin- 
gitis when no focal source of the infeclioa can be discovered. The 
presence of the characteristic rash affords confirmatory evidence, 
but the nature of the causative organism in inealngococcaJ, as-in 
other forms of p^-ogenic meningitis, can be established only by its 
demonstration in the cerebro-spinal fluid. Acute Igmphoci/lic chorio- 
memngilU should be suspected in cases of meningitis of acute onset 
running a benign course and in which no focal source of the infec- 
tion can he detected and organisms cannot be demonstrated in the 
cerebro-spinal fluid on repeated examination by ordinary methods- 
Tuiiercu/ouamenin^iVtsusuallydevelopsmuch more insichoualy than 
meningitis dne to pyogenic organisms, and svmptoms of meningeal 
imtatioQ, for example cervical ngirlity and Kemig’s sign, arc oflen 
sligbtandmay be absent. The cerebro-spinal fluid contains an excess 
of cells, consisting usually of polymorphonuclear and mononuclear 
c^Iis ‘in varying propofuons. "Tbe cdlofiile content ob fbehuiil'w 
subnormal and reaches a lower figure than occurs in pyogenic men- 
ingitis, the average being 510 mg. per 100 c.c. Tubercle bacilii may- 
be demonstrable in the fluid. Syphilitic menia^Vta is occasionally 
sufficiently acute to lead to confudoa with pyogenic menin^tis. 
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In such cases tlio cerebro-spinal fluid contains an excess of cells 
■n hich are usually mononuclear, but in the most acute cases polymor- 
phonuclear cells may also be present. The Wassermann reaction is 
usually positive in the fluid and also in the blood. 

Prognosis. 

The prognosis of acuto pyogenic leptomeningitis depends upon 
the nature of the invading oi^anism, thenumher of organisms present 
in the cerebro-spinal fluid, the possibility of removing the source of 
infection, and the effectiveness of bactericidal drugs. The introduc- 
tion of the Bulphanilamido group of drugs wliich pass readily mto 
the cerebro-spinal fluid and exert a strong bactericidal action there, 
promises to revolutionize the prognosis of many forms of meningitis 
In the past pneumococcal meningitis was ahnost invariably iatal and 
streptococcal meningitis was fatal in more than 90 per cent, of cases 
Already recoveries from the former are being reported and the 
mortality rate of the latter is beuig reduced. Examination of tin) 
cerebro-spinal fluid is important in estimating the prognosis. IVhen 
polymorphonuclear cells are few and organisms are absent the out- 
look is good, since a cerebro-spinal fluid of this typo usually means a 
localized meningitis. A patient may survive recurrent attacks of 
localized meningitis secondary to chronic otitis. 

Treatment. 

The patient must bo kept in bed iu a darkened room and should 
receive concentrated liquid nourishment. Nasal feeding 'aill be 
necessary if swallovring is diflicuit An ice-pack to the head may 
relievo headache. Sedatives will usually be required iVhen menin- 
gitis is due to the extension to the meninges of infection from one of 
the cranial hones, for example frontal sinusitis, otitis media, or 
mastoiditis, the source of infection requires immediate surgical 
treatment. Lumbar puncture not only relieves headache hut is a 
method of draining the subarachnoid space of organisms and the 
products of infection. It should bo repeated twice or thrice daily, 
the pressure of the cerebro-spinal fluid being reduced to normal on 
each occasion. If the patient can be kept in one position, continuous 
drainage of the subarachnoid space cau be carried out by keeping 
the lumbar puncture needle in i>osition for several hours, at the same 
time giving largo quantities of water by the mouth or of hypotonic 
(half normal) salhio subcutaneously, in order to increase the produc- 
tion of cerebro-spinal fluid. 

It has yet to be determiuod which drugs of the sulpbanllamide 
group arc the most useful. Prontoail has been used successfully for 
memngococcal, streptococcal, B. coli, and pneumococcal meningitis. 
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Pneumococcal meningitis has also been sueccssfully treuttsl with sul* 
phapyridino. Staph jlococcal infections lia% o U'cn treat od w ith botli. 

Tlie standard «lose for oral adoiinistration is 1 gm. daily jjcr slono 
of body Sleight, but infanta rcfpuro twice or three timea this dose. 
The drug ia given at four-hourly intcn'als. ^Ulcr three da3's l!io 
dose Is gradually reduced, but administration in continued for about 
mne daj-s in all. Alternatively an initial dose of gm. 

of Bulphapj’xidino may bo given intiamuscutarly in a susj^wnaion 
of 0-5 gm to 5 o.c. of saline, a second smaller doso being given if 
necessary. 


^Ienixoococcal MEXiyuITlS 

Definilion: An infection of ilio leptomcuinges forming part of a 
general infection uith the mcnitigwoceus. 

Synciii/ms : Ccrehro-spinal mciiingitu ; evrebro-spinu! fc> er ; 
spotted fever. 

Aetiology. 

The causal organism is the incoingococcus or 'diplooocciis intra* 
cellularis meningitidis’ of Wcicliscibauni. 'riiis is a kidnu^’-hcan' 
shaped Gram-negative coccus nhkb ia found usually in p-tlrs, but 
occasionally in tetrads, in the exudation from the meninges, and in 
the ccrcbro-spinal tluid, where it may bo enclosed in pol^'inorplio* 
luicleat leucocytes or free. Tlie meningococcua is uumlty obtuin&blo 
from the secretions of the c^cs, nose, and phar.vT).t of both patients 
and ‘carriers', and in tho early stages of tho infection it can often ho 
isolated from the patient’s blood. Gordon in lt)17, b^* means of 
agglutination tests, succeeded in separating meningococci into 
groups — 1,2, 3, and 4. This mndoitpossiblo to identify' the organism 
responsible for a particular epidemic and to produce B]>ecific immime 
sera At present, ho«e>cr, the ‘typing’ of meningococci is not 
entirely satisfactory. Other classifications have bwn proposed, 
and intermediate types identified. A polyvalent serum is usually' 
employed in treatment. 

Meningococcal meningitis occurs both in epidemics and spora- 
dically. It ia a disease of tho temperate zone, and the jicriod of 
epidemic prevalence Is the winter and spring. Epidemics usually' 
begin in December and reach their height in April and -May, tho 
number of eases thereafter diminishiDg, to tease in July. Sporadic 
cases occm at any time of year. 

The disease, although contagious, is only slightly so, and it is 
exceptional for multiple cases to occur in a single houscliold or for 
the infection to spread in hospital. The disease is spread b^' droplet 
infection, mainly through the agency of ‘carriers’. 'These are usually 
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individuals who have been in contact \vith a patient and who 
liarbour the meningococcus in the nasopiiarynx for a period which 
usually lasts only two or throe weeks. Such ‘carriers’ who greatly 
outnumber overt eases may infect other persons without themselyes 
developing the disease, or after a period of apparently good health 
may develop meningitis Tlie principal predisposing cause of 
epidemics is overcrow ding, and thediscosois thus specially prevalent 
among children, who come into close contact with each other at 
school, and soldiers, who aro crowded together in barracks. There 
is some evidence that catarrhal disorders of tho nose and throat 
preilisposo to tho infection Both sexes aro affected with equal 
frequency, and tho age of greatest susceptibility is from infancy to 
ten years, Tlio disease is rare after tho ago of 40. Tho incubation 
penod varies from one to seven da^'s and is usually about four days. 

Tho route by which tho mciiingococcj, having been implanted in 
tho na3ophar,)i2V, reacli tho meninges is btiH unsettled. Probably 
they aro carried by tho blood>etrcam, though direct spread along the 
lymphatics of tho olfactory nerves cannot bo excluded. 

Pathology. 

See p. 348 
Symptoms. 

Mode of Onset. 

Tho onset is usually acute, headache, fever, with chills or actual 
rigors, and signs of meningeal irrUation developing within the first 
twenty-four hours Leas frequently it is gradual, and still less 
frequently a fulminating onset occurs, tho patient passing into coma 
within a few hours Convulsions ore common in children, but rare m 
adults. Constipation is the rule, but diarrhoea may occur, especially 
in children, and may be associated with abdominal pain. Fever is 
present, but tho temperature v.'irics. It is usually between 100° and 
102° F., but hyperpyrexia may occur, especially as a termmal event. 
The pulse is also variable. It is usually somewhat slow in proportion 
to tho temperature and an actual bradycardia may occur, especially 
in the early stages. The patient looks ill and may be flushed or pale 
and usually lies in an attitude of general flexion and resents inter- 
ference. 

Nervous Symptoms. 

Headache is severe and radiates down tho neck, being associated 
with pains in the spine and often also in the limbs. Vomiting often 
occurs, especially during the first two days. Delirium is common 
after tho first twenty- four hours and in severe cases passes into 



356 DISEASES OF THE MENINGES 

stupor and finally into coma. Signs of meningeal irritation are 
conspicuous; cervical rigidity, Kcmig’s sign, and Brudzinski’s signs 
are usually eUcitablewitliin the first twenty-four JiDurs. Later actual 
head retraction occurs (Fig. 41), which may develop, especially in 
young cluldrcn, into opisthotonos. The optic disks may bo normal 
or e.’diibit some venous congestion, papilloedema is present in 
only a minonty of cases. The pupils are usually slightly dilated 



and may react sluggishly. Slight ptosis and a di\ergeut squint are 
eonmion. Paresis of ocular muoclcs, es|>ecially the external rectus, 
may occur, and diplopia is a frequent complaint. IMsmus is raro. 
but sometinies occurs. Facial paresis is often observed. There is 
usually no marked loss of jiDncr in tJie Uiiibs, except that flaccid 
paralysis may super^’ene in the terminal stages. Tremor, however, 
is common The tendon and abdominal refle.\ea are usually dimin- 
ished, and the plantar reflexes, though flexor at first, may later 
become extensor. Loss of sphincter control b usually the outcome 
ofthe mental state of the jjatient. Ketention of urine, with overflow, 
and uieontinence of faeces are likely- to occur during dclinum and 
stupor There is no characteristic sensory lo^a General hyper- 
aesthesia is often present, but photophobia b less frequent than in 
- tuberculous meningitis. Some degree of hydrocephalus is frequently 
present and leads to bulging of the anterior foiitanclle in infancy and 
to congestion of the veins of tfao scalp, a synnptoni which is more 
conspicuous in clnldrea than ia adults. 
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The Shin. 

Several tyi)cs of rash may occur, tlie most characteristic being a 
purjiunc eruption ivliich may take the form of petechiao, Mhicli are 
purple at first, fading to a brounisli colour, and do not disappear on 
pressure They aro esjiecially liable to occur on regions subjected 
to pressure. The purjmric patches may bo l.irgcr, even reacliing the 
size of half a crown, but these aro found only in very severe eases 
The purpuric eruption may ap|>ear during the first twenty-four hours 
and is usually present before the tliml day. It is seen in about 
one-third of all cases. A maculop-ipiilar ra.sh is prc.scnt somewhat 
less frequentlj’, usually appearing before the fourth day, first on the 
trunk and later on the c-vtensor surfaces of the thighs and forearms 
Erythematous rashes may occur at any stage of the disease, and 
facLal herpes fcbnlia apjwars in between 20 and 30 per cent of cases 

TAc Blood. 

A w clUmarkod Icucocy tosis occurs ui (he blood, w ith a pretlonimant 
increase of the ]’)oi>'n)or|)lionuclcar cells Meningococci cun sometimes 
be cultivated from the blood in the early stages, but rarely after the 
signs of meningitis have np{>carccl. 

The Cerebro-apinal Fluid. 

Prtseure. The pressure of the ccrebro-spinal HuKl is increased from 
the beginaing, being on an average about 300 mm of fluid, though 
It may sometimes be as high os 1,000 mm. After internal h>dro> 
ccpbalus has supervened, or when communication between the 
cisterna inagna and the sjiinal BUbarachnoid space is obliterated by 
adhesions, tho pressure is hkcly to be subnormal. 

Quanlili/, It is usually possible to withdraw much larger quantities 
of fluid than is normally tlie case, namely from 30 to 00 c.c In the 
two events just described, bovicvcr, a dry tap may occur. 

Appcara/ice. During the first twenty-four hours tho fluid may bo 
clear. Usually, how ever, it is turbid and may later become purulent, 
which it occasionally is from the beginning. ^Vftcr tlie intrathecal 
admimstration of scrum a fluid previously turbid is likely to become 
purulent. In the case of a purulent fluid, after the pus has settled the 
supernatant fluid is usually yellow in colour. 

Protein. The protein is increased. Wing usually between 0-1 and 
0-4 per cent. The globulin also is increased. Fibrinogen is often 
present, as indicated by the formation of a cobw eb clot on standing. 
When the fluid is higlily albuminous spontaneous coagulation may 
occur 

Cells. There is a marked increase in the cell content of the fluid, 
the predominating cell being the polymorphonuclear, of w hich 1,000 
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to 2,000 per are usuaUy present. There is also an increase in 
the mononuclear cells, though not to the same extent. The number 
of these tends to increase as lime goes on. In fulminating cases tho 
cell content of the fluid may bo comparatively low. 

Meningocoeei. Meningococci can bo demonstrated in the fluid in 
from 00 to 100 per cent, of coses. Usually they are present in smears 
made from the centrifuged deposit on the day of withdrawal. The 
majority of meningococci are usually intracellular, lying uithin the 
polymorphonuclear leucocytes. Some, however, are extracellular, 
and a large number of extracellular meoiiigococci is believed to be 
mdicative of a severe infection. If meningococci are not demon- 
strable on the first day they are usually to be found if the fluid bo 
meubated for twenty-four hours, or may be obtained from cultures. 

In the past, type 2 meningococcus has been most frecjucntly 
encounter^ m this country, but at present the tj'ping of the organ- 
ism is not entirely satisfactory. 

Glucose. The glucose content of the cerebro spinal fluid is a!« ays 
greatly reduced, and glucose may disappear from the fluid entirely. It 
la probably destroyed by tho organisms, since it may be almost normal 
in pyogenic meningitis when organtsois are absent from tho fluid. 

Cliloridee Tho chloride content of the fluid is usually someMhat 
reduced and bos betueen 030 and OSO mg. per 100 c.c. It is rarely 
below COO mg. 

Colloidal Gold Curu. The colloidal gold curve is of the meningitic 
type. 

Vtniricular Fluid. It is dcsirablo to examine the ccrcbro-spinal 
fluid from tho cerebral ventricles if internal bydroccpbalus develops 
or if, in spite of improvement in the condition of thu spinal fluid, 
symptoms of infection jiersist, since tho demonstration of meningo- 
cocci m the ventricular fluid calls for the intraventricular injection 
of antimenlngococcal serum. 

Olher Symptoms. ' 

Shght cardiac dilatation may occur as a result of tlie toxaemia, 
tho cardiac apex lieing displaced outwards and tho apical first souncl 
soft or muffled. Albuminuria may ali« occur as in other fcbrilo 
conditions. A catairhal inflammation of tbo upper respiratory tract 
U also common. Knpid flushing of the skin in respouto to a light 
scratch, the symptom known os ‘t&che cerebraJc', is often present, 
but is not pathognomonic of meningitis. 

ComjJicatioHS of Meningococcal Origin. 

Tlio symptoms already described are tho^o attributablo to tho 
meningitis and tho bactcriaemia which precedes it. Wo may describe 
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aa coiDpIications inaiiifcstatlona of tho infection wliicJi are inconstant 
and in some instances rare. 

Internal Uydrocephalua. Internal hydroceplmlus is tho most 
important complication of meningococcal meningitia It usually 
develops Into in tho course of tho disease, rarely during the first two 
weeks. Its onset U associated « ith an intensification of the headache, 
and with persistent vomiting. Tho mental condition of tho patient 
deteriorates and he Iwcomca drowsy and listless. Memory is impaired. 
Conv-ulsiona may occur. Vision deteriorates, but papilloedenia is 
usually absent. The ojitic disks may bo normal, or may show atrophy 
of tho primary tyjio. Tho los-s of vision is probably duo in part to 
downwanl pressure of tho floor of tho Ihinl ventricle upon tho optic 
cliiasma and in part to compression of the optic radiations and visual 
cortex by distension of tho posterior horns of tho lateral ventricles. 
The pupils are often d)latc<l and react sluggishly to light Ocular 
palsies aro often present, the external rectus muscle being most 
frequently paralysed. Nystagmus is common and exophthalmos 
may occur. Tho limbs become progrcs.si\ cly weaker and more 
trcmuloua and tend to lie spastic with exaggerated tendon refloxos, 
and in some cases extensor plantar resiionscs aro present. The rise 
in intracranial pressure leads in infants to bulging of tho anterior 
fontancUo and sometimes to separation of tho cranial sutures, which 
may occur in older children also. Tho skull may yield a ‘cracked* 
pot sound’ on percussion. 

Other A’cn-ous Complications Symptoms duo to invasion of the 
nervous system by tho infection, or vascular lesions such as throni' 
bosis, aro uncommon. Aphasia and hemiplegia are sometimes met 
with and indicate damage to tho cerebral hemJspIicres, while lesions 
of tJio spinal coni may cause paraplegia or flaccid paralysis with 
wastuig of a group of muscles. Peripheral neuritis, usually affecting 
tho lower limbs, sometimes occurs. 

Deafness. Deafness is the most frequent of the severe complica- 
tions. It usually begins early in tho illness and may bo temporary, 
but is more often permanent, both cara being usually affected. It is 
uncertain whether it is due to a lemon of tho eighth ner\o or to 
spread of infection to the internal ear. In eases of permanent deaf, 
ness the labyrinthine functions usually remain normal. 

The Eye. Cowj'antlWUia is a £^ly common, complication. Mote 
severe ocular lesions, such as keratitis and iriclochoroiditfs, are 
fortunately rare. Loss of vision as a result of internal hydrocephalus 
has been described above. 

The Heart. Fibrino-purulent pericarditis is a rare complication of 
severe cases. Ulcerative endocarditis is oven rarer. iVben this de- 
velops, embohsm of the lungs or other parts of tho body may occur. 
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ArtAnVtV occurs in from lOtoISpereent-ofcaaesin most epidemics. 
There is a purulent effusion into the Joint, from which meningococci 
can occasionally bo cultivated. The knee- and shoulder-joints are 
most frequently aSected, but almost any joint may become involved, 

Gemio-urinary System. Febnle albuminuria is common. Rarely 
a true acute nephritis develops, often with Laematuria. This is 
probably due to the meningococcal infection. Pyelitis and cystitis 
are also sometimes encountered. Epididymitis and orchitis are rare 
compbeations. 

Xon-2Ie7ii7iyoeoccal Complieatioru. 

Though pneumonia may very rarely bo due to the meningococcus, 
it 13 more often the result of a i^condary infection. Broncho- 
pneumonia is the form usually eocoimtercd and is a serious compbea- 
tion Infection of the urinary tract, usually with Bacillus colt, may 
occur, especially when frequent catheterization is necessary. It may 
be diificidt to prevent the development of bed sores in very cluonic 
cases 

Cli/iicaJ Types 

The recognition of clinical types of such a disease as mcniugococ-cal 
meningitis is to some extent artificial and can be multipbcd to ahnost 
any degree XcvertLcIess, it is valuable to recognize that various 
forms of the disease occur, depending mainly iii>ou tbo acuteness and 
course of the infection. 

The Fiihntnaliny Type. In tbU form the onset is extremely sudden 
and symptoms of a profound toxaemia rapidly make their appear- 
ance The patient may become comatose a fe\r hours after tbo oiuKst 
and die on the first or second day. The meningeal symptoms ma^' 
be to some extent masked by the toxaemia, and tbo pol^nnorplio- 
nuclear leucocytosLs iu the c-erebro-spiual fluid may bo comparatively 
slight. / 

The Acute Type. This is the acute form of the disease frequenti)' 
encountered. The onset is usually sudden and ddinum is usually 
present by the second day, the patient often being noisy and restless 
when he first comes under observation. 

In Sub~aeule Cases the onset is often more gradual and both the 
menmgeal and general symptoms are less severe. 

,46oriae Cases occur in which symptoms of meningitis develop 
acutely and rapidly subside. 

The term ChTOTtic Type has been usol to describe cases in which, 
after beginmng acutely or subacutely, tho disease runs a chronic 
course lasting weeks or even inootha. In these cases hydroceplialus 
13 usually present. 
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Chronic Posterior Basic Jleningilu is a clironic form of meningo- 
coccal meningitis occurring in infants, usually between the ages 
of 4 months and years The onset is usually acute with fever, 
which, ho« ever, tends to subside at the end of the first week Head 
retraction is usually well marked and may be associated %nth 
opisthotonos Hj-drocephalus dewlops early, and the later symp- 
toms are similar to tiiose already described under this headmg. 

Onset with Prolonged Septicaemia This is a rare but important 
form of tlio disease in whieli the patient suffers from septicaemia 
proved by blood culture to bo due to the meningococcus and per- 
sisting in some cases for weeks without meningitis developing Such 
cases may terminate in meningitis or recovery may even occur 
without any infection of the mciuugcs The characteristic symptoms 
are intermittent fever, joint pains, and a papular {rarely purpuric) 
rash. 

Diagnosis. 

See p. 351. 

Prognosis. 

The mortality rate varies in different epidemics and oven in 
different stages of the same epidemic, being usually highest at the 
beginning It is higher in cases occurring dunng epidemics than in 
sporadic cases and is highest m infancy and old age. Before the 
introduction of serum treatment the mortahty rate ranged from 40 
to 00 per cent, in different epidemics The use of immune serum has 
reduced this to from 10 to 30 per cent in some epidemics. The 
introduction of tiic sulphanilamido group of drugs has reduced it 
much furtlier. 

Clinical points vrhicli are of bad prognostic import include the 
rapid development of coma, severe delirium, and purpura. Kepeated 
examination of the cerebro-spinal fluid affords useful information as 
to the probable outcome. The presence of large numbers of meningo- 
cocci in the fluid at the onset is said to inciicato a severe attack, 
while their rapid disapjwarance in response to treatment, together 
with a diminution in the number of polymorphonuclear cells and in 
the amount of albumin, an increase in the number of lymphocytes, 
and the reappearance of sugar are favourable signs. 

The employment of sulphanilamide has done much to shorten the 
course of the disorder and to reduce the risk of sequels. Chronic cases 
are uncommon. Mental deficiency, epilepsy, blindness, and inco- 
ordination and spastic weakness of the limbs are not uncommon 
sequels in patients who have survived the infection but have been 
left with some degree of clironic internal hydrocephalus. Deafness, 
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imfortunatelj", is usually permanent. Hemiplegia, when duo to 
oedema of the brain, is transitorj% but when due to encephalitis 
or to a vascular lesion is hhely to be permanent. Recoverj' from 
meoingocsoccal arthritis and orchitis is usually complete. 

Prophylaxis. 

Since meningococcal meningitis is spread chiefly by droplet infec- 
tion from carriers, hygienic measures should bo taken to ensure 
adequate ventilation and to avoid otercrowding in institutions and 
commimities exposed to infection. Beds in dormitories should be 
placed not 1««3 than 3 feet apart. Tho detection of carriers by 
swabbing the nasophamyx is impracticable on a largo scale but may 
be of value in commumties in which infection has occurred. A carrier 
should be isolated &om children and young persons and should take 
plenty of exercise and fresh air. The nasophamyx may be sprayed 
with a I'd to 2 per cent, solution of zinc sulphate, or a 1 per cent, 
solution of chloramine T. Treated on these lines most carriers cease 
to harbour the meniDgococcus is two or three weeks, but chronic 
carriers who do so for from six to twelve months exceptionally' 
occur, and the convalescent may remain a earner for a considerable 
time 

Prophylactic vaccination has been used. Its value is uncertain, 
though good results have been claimed in some epidemics. It may 
reasonably be employed in cases of susceptible per&ons entering an 
infected community. Doses of 300 and 1,000 millions should be 
given, separated by a week's interval, the organisms employed being 
a mixture of the types predominating m the infected community. 

Treatment. 

The patient must be kept completely at rest in beil and should 
receii'e a hquid diet. Young children may require nasal feeding. 
The abdomen should be carefully exatnin^ daily for evidence of 
distension of the bladder. Sedative drugs will usually bo required, 
bromides and luminal being the most usc^. 

The two most important measures in treatment, however, are the 
withdrawal of cerebro spinal fluid by lumbar punctxwe and the 
administration ofsulphamlamide with orwithout ant i-memngococcal 

serum 

Lumbar Punciure 

Lumbar puncture possesses definite value ajiart from the intra- 
thecal injection of semm. Withdrawal of cerebro-spinal fluid lowers 
the intracranial pressure and so affords relief for headache. It also 
permits the withdrawal of fluid containing organisms and pus and 
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its replacement by fresh fluid, thus relieving to some extent the 
irritation of the meninges Whether or not serum is injected, intra- 
thecal lumbar puncture should be earned out at least once a day and 
if necessary more frequently at first, until recovery occurs. For the 
method of performing lumbar puncture, see p. 114. If the operator 
is experienced and has skilled assistants it will rarely be necessary 
for a general anaesthetic to be administered, and tliis should be 
avoided if possible. Occasionally, however, the restlessness of the 
patient or an extreme degree of opisthotonos necessitates a general 
anaesthetic. For this purpoae nitrous oxide and oxygen are to bo 
preferred. Continuous drainage of the subarachnoid space by means 
of a lumbar puncture needle bas been advocated, but prc^icnts 
practical difficulties in the nursing of tho patient. 

Sulphanilamidi. 

It is not yet pos.sibIe to say whether sulphanilamide will entirely 
replace serotherapy. Though good results have been claimed for the 
drug alone, at present it is wise to give both metliods of treatment. 
Sulphanilamide or sulphapyridinc is given orally in doses of 1 gramme 
per stone of body weight daily, and m infants twice or three times 
this amount. This dose is reduced m three days and discontinued 
after nine days, Alternatively an initial dose of 1-6-2-5 gm. of sub 
phapyridine may bo given intramuscularly m a suspension of O-o gm. 
to 5 c.c. of saline, a second smaller dose being given if necessary. 

Stroiherapy. 

The introduction of sulphanilamido has reduced serotherapy to 
an accessory method of treatment and instead of being given intra- 
thecally unconcentrated polyvalent serum is given intravenously or 
in the case of an infant intrapcritoneally in a dose of 120 c.c. to an 
adult and 00 c.c. to a child on the first day, a smaller dose being 
given on tho second day. 

With this treatment tho cerebro-spinal fluid usually rapidly clears 
and the temperature falls; and lumbar puncture is not necessary 
after three or four days. 

Complicatiojia of Serum Treatment. 

AnapbyJacfjc collapse follovdng the injection of serum is fortu- 
nately rare and is hkely to occur only in individuals who have 
received horse serum more than ten days previously. Tho possibility 
of anaphylaxis may therefore arise when a patient has previously 
been treated with serum for some other complaint, for example 
diphtheria or tetanus, or when serum treatment has to be repeated 
for a relapse of meningococcal menin^tis more than ten dajs after 
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the last dose. To ascertain nhetber an individual is sensitive to 
horse serum 0-25 c.c. may he given intrademially. In a sensitive 
person an urticarial ■nheal develops at tlm site of infection, usuaUy 
\nthin half an hour. Such a person can bo desensitized by means of 
a prelimmary mjection of 1 c.c. of serum subcutaneously. A general 
anaesthetic, which abolishes the risk of anaphylaxis, should be used 
when serum is employed in the treatment of a relapse. 'Scrum 
disease’, which is charactenzed by slight fever, urticaria, and pains 
m the joints, is a common sequel of the administration of scrum and 
usually occurs after eight or ten days. In cases of meningococcal 
memngitis a memngcal reaction characterized by’ an increase in 
headache and in signs of meningeal irritation may also occur. This 
is distinguished from a relapse by the absence of meningococci and 
the presence of sugar in the cercbro-spinal fluid. 

FacciJie Trealmenl 

A vaccine may be of value in the treatment of coses in which 
convalescence is slow. It should be prepared from the organism 
with which the patient is infected and should be given subcutane- 
ously, beginning with a dose of 250 nulhons. 
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ACUTE LYMrUOCVTIC ClIOBIO-MENIN'OITIS ANU ACUTE 
ASEPTIC UENINOITIS 
(Sec p. 458 ) 

Tubercdious Mknisoitis 

Aetiology. 

Tuberculous meningitis has hitherto usually been regarded as 
part of a miliary dissemination of tubercle bacilli by the blood- 
stream. Rich and JIrCordock (1033) and llacGregor and Green 
(1937), however, believe that in most if not in all cases the infection 
spreads to the meninges from a caseous focus in the brain in contact 
with either the buharachnohl space or the ventricles The cerebral 
focus is infected v ia the blood stream from a focus which in children 
IS often in the mediastinal or mescntenc iymph glands, but may be 
situate<l in the bones, joints, lungs, or gcnito-unnary tract Tuber- 
culous meningitis may follow an operation ujion an infected bone 
or joint aud is not uncommonly the sci^uel of one of the specifio 
fevers, cs[)cciaUy measles. There is sometimes a history of a fall 
or other injury. Tuberculous meningitis most frequently occurs in 
children between tlio ages of 2 and 5 It is rare during the first 
} car, but may occur at any age. In young children there is usually 
no history of previous tuberculous infection m the patient, though 
inquiry may reveal the presence of tuberculosis in an adult member 
of the household. In ajluUs tuberculous meningitis is usually the 
terminal ov ent of an illness duo to a focal infection w ith tuberculosis 
in the lungs or elsewhere. 

In about one-quarter of all cases tho infection is with the bovine 
bacillus, in the rcmauidcr with tho human bacillus (lilacGregor and 
Green 1937). 

Pathology. 

ilacroscopically the brain is usually jiale and tho conv'olutiona are 
somewhat flattened. A ycllowisli gelatinous exudate is found mattmg 
together the leptomcninges at the base aud e.xtcnding along the 
Sylvian fissures. Miliary lubcrelcs arc visible on the leptomemnges, 
being most conspicuous along tlie vessels, especially' tho middle 
cerebral artery and its branches. Microscopically the tubercles 
consist of collections of round cells, chiefly mononuclear, often with 
central caseation. Giant cells are rare. The substance of tho nervous 
system shows little inflammatory reaction but marked toxic de- 
generation of nerve-cells. 

Older caseous tuberculous foci can usually bo found in the brain. 



36G 


DISEASES OF THE ilENINGES 


Symptoms. 

The onset of symptoms is iosiilioiis, and there is almost ahvaya a 
prodromal phase of vague ill health. In children lassitude, anorexia, 
loss of n eight, and change of disposition are present. In adults 
mental changes may Le conspicuous and symptoms of a confusional 
psychosis may precede tliose of meningitis. The prodromal phase 
usually lasts two or three weeks and is followed by the development 
of symptoms of meningeal irritation. The pulse, which w as previously 
rapid, becomes slow and irregular. Fever, if previously absent, 
usually now appears but is rarely high. The temperature, which is 
often markedly irregular, does not usu.ally rise much above 102® F. 
Headache and voouting make their appearance and convulsions may 
occur The patient becomes drowsy and at times delirious, but the 
occurrence of lucid intervals, even up to a late stage of the illness, is 
a clLaractcristic feature. Signs of meningeal irritation are usually 
slighter than in pyogenio mcoingitb. There is usually slight cervical 
rigidity, but this may be absent and actual head retraction is rare. 
Kemig's sign is usually present. The patient ixcqucntly lies in a 
flexed attitude, reseating interference, and in the early stages oiten 
exhibits photophobia. Children sometimes utter what has been called 
a 'meningeal cry’, a high-pitched scream. 

Papillocdema is inconstant and when pre.sent usually develops 
only in the late stages of the illness. Choroidal tubercles may be 
visible ophthalmoscopically as rather ill-de&ncd rounded or oval 
yellowish bodies about half the size of the disk, but this is excep- 
tional The pupils are usually contracted at Cist, but later become 
dilated and hx^. Moderate ptosis is common. Paral3'sis of any of 
the oculomotor neri es may occur, leading to strabismus and diplopia. 
There is frequently facia! weakness on one or both sides, and dj'.*!- 
phagia develops in the later stages. Voluntary pou er in tho limbs is 
at first little impaired, though a coarse tremor is usually present on 
voluntary movement. Hemiplegia occurs in a minority of cases. In 
the late stages the limbs become parai^ sed 'and general extensor 
rigidity is common. The tendon reilexes are not infrequently dimin- 
ished or lost in the lower limbs in the early stages, but become 
exaggerated when rigidity develops. The plantar reflexes, at first 
flexor, usually later become extensor. Retention of urine in the early 
stages later gives place to incontinence. Constipation is the rule at 
first, later faecal incontmence occurs. The taclie cerebralo is com* 
mon. The abdomen is retracted. Focal signs of tuberculous infection 
maj’ be found, but signs of general miliary* dissemination elsewhere 
than in the memnges are usually lacking. Pirquet’s test, if positive, 
is of diagnostic value, but a negative result is of no significance. 
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Tiitt illness terminates fatally, usually about three weeks after the 
first appearance of meningeal symptoms, thougli its duration may bo 
as short as a week or very rarely as long as four, or even five, weeks. 
Three stages of the disorder can often bo recognized, each lasting 
approximately a week. During the first week the pulse is slow, 
during the second it becomes more rapid but shows fiuctuations 
Iiarallel with tho teii]|>craturc Dtiniig the third week vagal paralysis 
develops and the pulse-rate iitereases to from 140 to 160 and tho 
temperuturo sometimes rises to a terminal byjicrpjTexia. By tho 
end of the illness tho comatoao patient is much wasted and death 
usually occurs from medullary paralysis. 

The Ctrthro-spinal Fluid 

Tho ccrcbro-sjnnal fluid in under increasc<l pressure It is clear, hut 
a fiiio ' cobw eb ’ clot frequent ly forms on standmg There is an increase 
m tho number of cells, usually to the number of about 100 per c mm. 
Theso may bo all mononuclear or a mixture of mononuclear and 
{Kilyniorphonuclcar, the former predominating There is a moderate 
increase in tho protein, up to about 0 1 per cent. The chloride content 
of tho Iluid is much reduced, on an average to 510 mg per 100 c.o , 
In Ingham’s (1937) scries of 84 cases only two had a chloride con- 
tent above 550 ing. There is a diminution in the glucose content of 
tho iluid and Lange's colloidal gold curve is of the meningitic type 
The frequency w ith w inch tubercle bacilli arc found in the iluid vanes 
in the hands of different w orkers. Some report that they are almost 
invariably demonstrable Others find them less oitcii Consequently, 
though their prcscnco clinches the diagnosis, their absence la of less 
significance. Tho inoculation of a guinea-pig is of little diagnostic 
value, since the patient, if Buffering from tuberculous meningitis, is 
likely to be dead before the animal shows signs of infection. 
Diagnosis. 

See p. 351. 

Prognosis. 

Tho disease is almost alwaj-s, if not always, fatal in from one to 
four weeks after the onset of meningeal symptoms. Recovery has 
occasionally been reported after tubercle bacilli have been demon- 
strated in the cerebro-spinal iluid, but it is probable that these were 
cases of localized tuberculous meningitis around a caseous focus. 

Treatment. 

Treatment is symptomatic, lumbar puncture being used for the 
relief of headache, and sedatives, including morphine, being given in 
adequate doses. Bokay advocates deep X-ray irradiation of the head. 
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Memncitis dl's to Torcu 

InfecUoti of the ccnlrnl nervous system with the }rca&t, loruLv 
histolytica, or crj-plococeus uicningitiJu, though rare, iIcsitvcs 
mention on account of its lUbUity to Iw eonfu.'ed «ilb tuberculous 
mcmsgilis or svitb intracranial tumour or a\>9cu.->i. The organism 
larks myevlia, possesses a capsule, and forms s)>orea. The rharncter* 
ibtic lesion of tho nervous system is a granulomatous meningitis, 
usually basal. Discrete granulomas ar« oceiu>tonally found. Tho 
meninges shoie diifuM; or circuinsmbcd gnmulonius n it li endothelial 
hyperplasia, ilhroois, tno<lerato routuhccll inlillntion, aud giant 
cells Vcast-likc organisms arc usually numerDiis. , 

Of oUicr organs in tho body tho lungs arc most frequently involved, 
but the infection is occ.uionally grncmiuod. Tlio portal of entry is 
probably the respirulorj' tract. 

The (lixcoso usii.aliy begins uisidinuslyuithsymt'toitis of meningeal 
irritation, such as headache and rigidity of the neck. I’apillocdcma, 
soiiietiiues going ou to blindness, may occur, and there may bo focal 
symplomu, such os aphasia or heniipirgia. Tlio ccrebro-spin.i! tliiiil 
usually shoHs an excess of lyinphoey tci and tho di.igiio.'‘is rusts on 
the demonstration in It of the organism, which can usually bo 
cultivated. Fever is usually slight or nh'<'nt. Tho course of tho 
disonlcr is usually progreo.Hive, though slight renuMions are some- 
times obscrvi*d The trnnination is ]>rogTCA.Mvc ntujiur, coma, .utd 
respiratory failure. 
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SPINiVL MENINGITIS 
SriNAL Paciiymenisoitxs 

See sections on Syj)hilis and Compression of the Spinal Cord 
(pp. 395-C, 624). 

Spinal Lettoiibningitis 

Aetiology. 

Infection of tlio spin.al leptomeninges almost invariably occurs b}’ 
extension when the cranial Icptoincnitigcs become infected and also 
as part of diiTnso cerebro-spinal leptomeningitis uhcti infection 
reaches the meninges from the blood-stream The term ‘spinal 
Icptoincningitis’, however, is usually reseiwed for cases in which 
meningitis begins within the spinal canal. Spinal meningitis thus 
defined may occur as a result of direct infection of the spinal men- 
inges through a penetrating wound Very rarely the infection is 
introduced by lumbar puncture, or spreads down a pilonidal sinus 
Otherwiso it is usually duo to the extension to the meninges of a 
pyogenio infection in tho noighbonriiood of tJic vertebral column, 
especially ostcomyclitb, though occasionally no source of infection 
can bo found. Any pyogenio organism may bo resjionsible There 
la also a non-pyogenio form of spinal meningitis of unknown actio- 
logy characterized by an arachnoiditis of the roots of the cauda 
equina. 

Symptoms. 

Tho onset of symptoms is usually subacute, the patient complain- 
ing of severe pain in the lower limbs and lower p.irt of the trunk, 
especially ill the spine. Modemto fcTCr is present. Tho lower limbs 
are maintained in a fioxed attitude, are usually very tender, and an 
attempt to extend them passively causes severe pain TJie reflexes 
in tho lower limbs are likely to bo lost, but voluntary power is usually 
preserved at first though much hampered by pain and tenilemess. 
Sensory changes arc inconstant Retention of urine usually occurs 
early and constipation is the rule. The cranial nerves and upper 
limbs show no abnormality at first, though upward extension of the 
vafectvan ^'aa.y latcc biadtotheT;rtctM.ceQf a.gettfitallzedc<icebco-8,pin!!.l 
meningitis when tho organism is a pyogenio one. On lumbar punc- 
ture the ccrcbro-spinal fluid contains pus, which may be so thick os 
to be withdrawn only with difficulty, Tho infecting organism may 
be demonstrable in_ films or on culture. In arachnoiditis of the 
cauda equina the cerebro-spinal fluid is clear but contains an excess 
of protein and lymphocytes 
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Diagnosis. 

The condition may simulate acute anterior jKjliomyebtis or trans- 
verse m)’eliti3, but tvlicn the organism is pjogenic the diagnosis is 
readily settled bj' the demonstration of pus in the ccrebro-apinal 
fluid m the absence of signs of infection of the cerebral meninges. 
Otherwise tho ebnical picture is that of a subacute lesion of the 
cauda equina irith a picocjtoris in the cerebro-spinal fluid. 

Prognosis. 

Pyogenic spinal meningitis is usually' fatal, eitlier os a result of 
extension of the infection to the cercbiai meninges or tlie develop- 
ment of myelitis through infection of the substance of the cord, 
leading to flaccid paraplegia, but I haie known recoveiy follow 
treatment with sulphanilamide. 

Treatment. 

The eoutce of the infection should be sought and should receive 
appiopnate treatment. Drainage by lumbar puncture is likely to be 
diihcult owing to the thickness of the pus. Tlie rational treatment 
of tho condition would seem to be drainage of tho lumbar sao by 
lammectomy combined with lavage of the spinal subarachnoid 
space irith Ringer’s solution introduced by cisternal puncture. Sul- 
phamUmide should be given as for ccrebro-spinal meningitis (see 
pp 353-4). 
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CHAPTER VII 

SUPPURATIVE ENCEPHALITIS: INTRACRANIAL 
ABSCESS 

Pathology. 

Intkacraniai. abscess ina}’ be (1) extradural, (2) subdural, (3) sub- 
arachnoid, or (4) intracerebral (I) Extradural abscess is secondary 
to osteitis of one of the cranial bones. The infection passes through 
the bone, but its further advance being arrested by the dura, the 
accumulating pus strips the dura from the bone. (2) In subdural 
abscess the uifection has penetrated the dura and the pus lies 
betivecn this membrane and the brain surface (3) Subarachnoid 
abscess is a rare form of subdural abscess in which the pus is limited 
to the subarachnoid space in which it spreads along the surface of 
the brain. (4) Intracerebral abscess may follow the spread of infec- 
tion from the surface of the brain, or may be haematogenous. In 
the former case it usually, but not necessarily, possesses a track 
communicating mth the surface. Intracerebral abscesses are usually 
single, but may be multiple, and, when multiple, sometimes commu- 
nicate with each other The developing intracerebral abscess passes 
through three stages. The first stage is an acute encephabtia n ithout 
visible pus formation. In tbc second stage pus makes its appearance, 
but the abscess is not well defined from surrounding tissue In the 
third stage a definite wall is fonned, and the abscess is localized 
The locabzation of the abscess depends upon various factors, of 
which DO doubt the resistance of the patient to tlie organism is one 
of the most important. Di some cases it docs not occur, and the 
condition remains ui the stage of a spreading encephalitis. 

Abscesses of otitic origin ato usually situated in the middle or 
posterior part of the temporal lobe or in the cerebellum, the former 
situation being about twice as comuion as the latter. Ztiucli more 
rarely such abscesses occur in the pons, frontal, or parietal lobes. 
In otitic cases the brain may become infected as a result of either 
(1) purulent tiirorabosis of the lateral sinus or (2) osteomyehtis of 
the tympanic wall, or (3) by spread along the adventitial spaces of 
perforatmg blood-vessels (Evans, 1931) The anterior part of the 
irontal lobe is the seat of abscess following frontal sinusitis. Haema- 
togenous abscesses may occur in any situation, but are nearly always 
above the tentorium. The left hemisphere is more often affected 
than the right, and in most cases the abscess lies in the area supplied 
by the middle cerebral artery. 

Microscopically an intracerebral abscess consists of an inner 
layer of pus cells, outside which is a layer of granulation tissue 
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coatamiug ne«' blood-vessds and hyperplastic fibrous tissue. Out- 
side tins is a lajer of glial reaction, mainly cellular in the early 
stages, mainly fibrous later. Fat granule cells, plasma cells, and 
poliTnorphonuelear leucocytes ore plentiful, especially m the middle 
layer Inflammatory reactions are present in the overlying meninges, 
and in extradural and subdural ab^ss granulation tissue is present 
on the surface of the dura. 

Aetiology. 

The causes of intracranial abscess in approximate order of fre- 
quency' are: (1) infection of the middle ear, mastoid, and nasal 
sinuses, (2) pyaeniio states, (3) metastasis irom intrathoracic suj)- 
puration, and (4) head mjtiry. In Evans's (lt)3I) series of IW cases 
of brain absce^ the numbeta for these groups were 121, 24, 22, 
8. and other or unknown causes 10. 

(1) Infection of the middle ear and mastoid is nine times as common 
a cause of cerebral abscess os infection of the nasal sinuses of which the 
frontal sums is most often involved, and the sphenoidal sinus next. 

(2) Intracranial abscess may bo the ouicomo of pyaemia. In 
progressive endocarditis the i^ectlog organism is usually of low 
virulence, and embolism leads to softening of the vessel nail and 
aneurysm formation more often than to abscess. The latter, how* 
ever, may occur either In this or in more acute states of pyaemia, 
such as constitute the terminal event in acuto osteomyelitis. 

(3) IVlieii intracranial abscess is secondary to localized infection 
elsenhcrc, the thorax is usually the source, and most ca^cs are com. 
plications of bronchiectasis, chronic empyemn, or pulmonary abscess. 
Rarely the primary abscess is etewhere, for example in the liver or 
a bone. 

(4) Fracture of the skuU is liable to cause abscess when the injury' 
leads to free communication between the surface of the body and 
the brain, especially when fragments of bone, clothing, or a missile 
penetrate the latter. 

Any of the common pyogenic organisms may bo responsible for 
intracranial abscess, the commonest being Sirtptvcoccttt, PwninO' 
coccus, and Staphylococcus aureus. FriedJander's bacillus and organ- 
isms of tlie Bacillus eoli group are aUo found. The causal agent may 
be a slieptotbrix, as in actinomycotic abscess, ami amoebic abscess 
of the brain is IvnowTi to occur. 

Symptoms. 

^fodc of Onset. 

The hiatory of the development of the symptoms of an intracranial 
ab>cej>3 may be of greater diagnostio importance than the physical 
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signs, ■nhich are often slight at the stage at which treatment is most 
likely to he effective. 

MTien abscess follows fracture of the skull it usually develops soon 
after the injury, though when a missile penetrates the brain there 
may be a latent interval. These cases, bow ever, offer httle difficulty. 
The history is particularly important when abscess is secondary to 
otitis media or mastoiditis. In some such cases the onset is acute or 
subacute. Following an exacerbation of a pre-e.\i8ting otitis media, 
or a temporary suppression of aural discharge, or the operation of 
mastoidectomy, the patient rapidly develops licadache, vomitmg, 
delirium, and other symptoms to bo described. In other cases there 
18 a 'latent interval’ which may last months before the signs of 
abscess appear The existence of symptoms during this period may 
suggest that all is not wcU Tlicro may be attacks of headache, loss 
of appetite and w eight, constipation, occasional unexplained pjTCxia, 
and a change in temperament leading to depression and irritabihty. 

Abscess of baematogenous origin may develop slowly and in- 
sidiously, in which case, unless the primary infective focus is dis- 
covered, it may bo clinically indistuiguisbable from an intracramal 
tumour. It is not uncommon, however, to obtain a liistory of an 
acute disturbance of health corresponding to tlie lodgement of the 
infected embolus in the brain. This is tlio rule w'ben the embolus 
lodges in a largo and important vessel, such as the middle cerebral 
or one of its branches, and the embolic symptoms then tend to be 
permanent and to merge into those of the abscess. Even in other 
cases, however, there is often a history of sudden headache with 
perhaps some impairment of consciousness, and wealmess of a Imib, 
followed by a remission of these symptoms for weeks or months 
before those of the abscess develop. 

The symptoms of intracranial abscess may be conveniently div ided 
into (1) general sylnptoms of infection, (2) symptoms of increased 
intracranial pressure, (3) focal symptoms, and (4) changes in the 
cerebro-apinal fluid. 

1. Gekerai, SvMnOMS 

The seventy of the general symptoms is usually proportionate to 
the acuteness of the abscess, and is therefore most marked m the 
cases best described as acute suppurative cnccphabtis. In the acute 
coses an irregular pyrexia is the rule •, in chronic cases the temperature 
is often suhnormal. In both there may be a polymorphonuclear 
leucocytosis in the blood. 

2. SviiTTOJis or INCREASED Inthaceanial Pressitbe 

The incidence of symptoms of increased intracranial pressure 
differs somewhat in abscess from that found in intracranial tumour. 
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Headache is usually present. In chnmic abscess it is paroxysmal, is 
increased by stooping and exertion, and presents the other features 
of headache due to increased intracranial pressure. In more acute 
cases headache maj' be persistent and very severe. PapUloedema is 
a late sign and is often absent or si^ht. ^\Tien present it is usually 
more marked upon the side of the lesion. Bradycardia is commoner 
m abscess than in tumour, but is not constant, and when it occurs 
usually indicates a rapid increase in the severity of the condition. 
In severe cases delirium, somnolence, stupor, and coma develop. 
Exceptionally the signs of increasetl intracranial pressure are slight 
or lacking, even when a large abscess is preaent. 

3. Focal Symptoms 

(i) Extradural Abscess. 

This is difScult to tUagaose because, unless the abscess is >cjy , 
large, focal 8>-mptoms are absent, except for heoilacho radiating 
&om the ear and mastoid process towards the \crtex. This is only 
of significance if the ear and mastoid are reccivmg adequate drainage, 
and hence can be excluded as the cause of the headache. Tenderness 
of the skull to pressure or percussion id front of or above tlie ear 
or behind the mastoid may also be present. 

(li) Subdural and Intracerebral Abscess. 

1. Te7nporo.3pIienoidal Abscess. U’hcthcr pus lies between the 
dura and the brain or intracerebraUy usually cannot be determined 
before operation. An abscess in this position, if situated on the left 
side in a right-handed individual, may caui« aphasia, usually of 
the nommal type, that is, adifficulty in naming objects. Ini cstigation 
of this symptom requires care, and a patient who can name familiar 
objects accurately often shows hesitation, or misnames less familiar 
articles Abscess on either side may produce a defect of the visual 
fields, an especially valuable localmng sign w ben present. It usually 
consists of a homonymous upper quadratic defect on the opposite 
side due to involvement of the lower fibres of the optic radiation. 
Damage to the pyramidal tract is usually slight, and weakness is 
most marked in the face and tongue. The opposite plantar reflex 
may be extensor. Oculomotor paralj^s may result from pressure 
upon the third or sixth cranial nerve. 

2, CtrebelJar Abscess. iJradache in cerehellar ahsesss is ofteo 
predominantly suboccipital. It may radiate down the neck and be 
associated with some cervical rigidity. The head may be flexed to the 
aide of the lesion or retracted. Signs of cereliellar deficiency varj’ in 
seventy and may be shght. The most important are— nystagmus, 
most marked on conjugate donation to the aide of the lesion, the 
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slow phase being centripetal ; hypotonia, and inco-ordination in the 
limbs on the affected side, with an inability to carry out rapid 
alternating movements as ncU with the upper limb on the affected 
side as on the normal side. Pressure upon the brain-stem may occur, 
leading to compression of cranial nerves, especially the sixth and 
seventh, on the side of the abscess, and slight signs of pyramidal 
defect on the opposite side. Pass-pointing outw ards with the affected 
hand and a tendency to deviate or fall to the side of the lesion when 
walking are additional si^s which may bo present. 

3. Fronlal Abscess. Headache, drowsiness, apathy, and impair- 
ment of memory and attention are usually conspicuous, but focal 
signs are often lacking. A large abscess or much oedema may cause 
aphasia or hemiparesia. Unilateral anosmia and slight exophthal- 
mos may he present 

■1. Abscesses m oihtr Situations. These require no special descrip- 
tion, the focal symptoms depending upon the position of the abscess, 
and usually resembling those of tumour in the same situation 

(Ui) iSubarac^inoid Abscess. 

This rather rare condition may be sustiectcd when the signs point 
to abscess of otitic origin, though neither of the cUnhal pictures just 
described is present. Convulsions may occur with a superficial 
abscess of the cerebral hemisphere When the signs have pointed 
to involvement of the cerebellum but no abscess can be found in 
the cerebellum itself, search should be made for a superficial abscess 
in the ccrebello- pontine angle. 

4. The CEREBRO-sriN'AL Fluid 

Examination of the cerebro-gpinal fluid is often of great diagnostic 
value. As long as the abscess remains localized, the fluid is clear. 
Its pressure may be increased. There is usually an excess of cells, 
though not often more than 100 per c.miu., the majority of which 
are lymphocytes, the remainder being polymorphonuclear . the 
protein is somewhat raised There is no dimuiution in the chloride or 
sugar content, and organisms arc absent The supervention of 
generalized meningitis upon intracranial abscess leads to a change in 
the cerebro-spinal fluid. The cclb increase, and poljnnorphonuelears 
predominate, while tho chlocide conteat diminiahes, and the fl.uid 
no longer yields reducing substances Organisms may be present. 

Other Methods of Investigation. 

Ventriculbgraphy may occasionally bo necessary for localization 
but should only be performed immediately before operation. Ex- 
ploratory puncture may be helpful in localization, and radiography 
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limy be carriwl out after injection of an opaque stibstanco such aa 

pcrabnxUl or thorotrast into tho cavity. 

Diagnosis. 

Intrarram.il abscc-sa U rarely ciicoimtcreil without an evident 
source of infection. It is then usually exposed at an operation for 
a sii])j>o&cd uilracranial tumour. The dUgnasU of such c.iscs from 
tumour IS dilhcuU and often iinp09.-nblo. P}Texia, Iciicocitosis in 
the blood, and an excess of cells in the cercbrD'Spinal fluid, hou ever, 
nmy suggest tho correct diagiiosu. \V1ien the causal infective focus 
is obvious It is necessary to distinguish aUsecss from other pyogenic 
intracranial complicjiioiui. Generalized mcningitbi, uhich may co* 
exL't uith abscess, Is dUtinguished by the prominence of signs of 
meningeal imtation, ccn'ical rigidity, in severe ca.scs head retraction, 
Kemig's sign, aiiil tho changca in the cffcbro*spiitaI lliiid already 
describcsl Lateralslnus tliroml>os.Ls causes little cerebral disturbance, 
though the resulting congestion may cause slight papiltoedema, more 
marked on the nfTcctcd side, and slight signs of pjTamidal defect on 
tlio opposite side Tlio signs of pyaemia ore usually conspicitoui 
uith swinging temperature and rigors. A valuable sign may bo 
dcmoiiAtratcd by Quee kensiedt's tc»t. The rii« of ccrebrO'Spin.il (luiil 
pressure may be slight or abnciit when the jugular vein on tho 
afTectetl sulo is coQipn.‘.s.sed alone, because the blocked lateral sums 
prevents comuiunicatiuii of tho ral'Cil jugular pressure to tho craiiist 
cavity Acute labyrinthitis may be confuMsl with cerebellar abscess, 
with which it may cocxLl. In tho foniu-r vertigo U inore, and head* 
ache less, intense than bi the latter. In the nystagmus due to 
labiruithitii the slow phase is always in the same direction, to which* 
e\er side the luticiit direct* liwg.ize. In eca-bclLir nbscejxS tho slow 
pha*« is aln.iysaway front the iwint of fixation. Evident hypotonia 
IS in favour of a cerebellar lesion. Papillocdema and eliaugi-s in tho 
eerebro spinal litiid indlrato that the infection has p.i*sotI be^-ond tho 
internal car. 

Prognosis. 

Vciy r.irely an intracranial absectw becomes quit'Seent and is found 
accidentally at {jost-rnorlein. surrounded by a thick Liyrr of gliasis. 
Recovery by sitontaneoii* drainage may olso occur. These occur* 
rentfs, howcicr, are too cxcrplionil to bale any !>eaniig ujxm 
prognosis, which may bo regarded a* uniformly fatal in the absence 
of surgiuil interference, fipreading cnrephalitLi, rupture of the 
absccAs into the vcntriciiLir *jstcm. mcninptls, and sinus thromlxww 
are the usu.il tmninaticins. Eicii after MiqricJil drainage these com* 
pluatiun* m.iy occur, and the mortality rate is high. 
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Treatmeot. 

An acute abscess is ill defined and if possible operation should be 
delayed for three or four ^Tccks to allow the abscess to become 
walled off. Increasing coma or the pttsenco of organisms in the 
cerebro-spinal fluid is an indication for operation in tho acute stage. 
Clironic abscess siiould bo operated on without delay. Operative 
methods are discussed by Cairns and Donald, (1934), and Symonds 
and Cairns (1936). Drugs of the sulplianilamidc group may be given 
as for meningitis (see p. 353). 
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CHAPTER VIII 


NERVOUS COMPLICATIONS OF MISCELLANEOUS 
INFECTIONS 

1 ACUTE TOXIC ENCEPHALOPATHY 

Sijnonijmi- Acute toiio encephalitis, acute serous encephalitis. 

Definition', -in acute cerebral disturbance occurring chicliy in 
children, not uncomroonly in smalt epidemics and characteriztHl 
pathologically by toxic changes in the nen'ous system, an<l clinically 
by delirium or coma and convulsions, cerebral palsies, and s^iup- 
toms of meningeal irritation. 

Pathology. 

The changes in the nervous system distinguish this disorder both 
from the forms of encephalitis nbich are caused by tho invasion of 
the ner\-ous system by a virus, and from those in which demydina- 
tioQ IS present. Pathologically there is an acute degeneration of the 
ganglion cells of the brain with hy)>cracnua and conspicuous iicri* 
vascular and pericellular oedema, and focal collections of gUal cells 
and round cells. Ring haemorrhages bate been described, and 
‘acute haemorrhagic cnccpbaLtis’, in which multiple punctata 
haemorrhages with a perivascular distribution are conspicuous in 
the nervous system, is probably an intense variety of this disorder. 

Aetiology. 

The pathological changes are interpreted as tho effect of a tox- 
aemia which varies in the severity of its incidence upon nerve cells 
and the blood-vessels, so produdng varying degrees of neural de- 
generation, oedema, and iiacmorrbage. In some c.tscs the source of 
the toxaemia is a focal or generalized pyogenic infection. In otlicrs 
it IS unknown and this applies to the small epidemics of the disorder 
which sometimes attack y oung children during the summer months. 
It IS not very common in infancy, most cases occurring between the 
ages of two and ten years. . ' 

S^TTiptoms. 

The onset of the illness is usually acute and may be fulminating. 
It 13 sometimes preceded by sore throat or gostro-intestinal distur- 
bance. Severe headache, vomiting, and convulsions are common 
and the latter may be predominantly unilateraL The child when 
conscious is usually delirious, but may pass later into coma. There 
IS usually high fever. ^Icnlngeal symptoms are often conspicuous. 
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Involvement of tho cerebral heinisj^ercs may lead to aphasia, mono- 
plegia, hemiplegia, or double hemiplegia. Optic neuritis may occur ; 
pupillary abnormalities are inconstant. 3>ismu3 is sometimes seen 
and facial paresis is frequently jffesent. Tho tendon reflexes are 
not uncommonly diminished or lost, but may be exaggerated, and 
the plantar reflexes extensor on one or both sides. Retention and 
incontinence of unno are common ahen consciousness is clouded 
or lost. The symptoms may ho predominantly meningeal, cerebral, 
or spinal. The cercbro-spinal fluid is usually normal in composition 
though under increased pressure. Exceptionally there may be a 
pleocytosis or a rise of protein content. Rarely, chiefly in those cases 
characterized pathologically by ocuto haemorrhagic encephahtis, 
hacmaturia or albuminuria may occur and a purpuric rash has been 
described. 

Diagnosis. 

The fact that tho cercbro-spinal fluid is usually normal in com* 
position and the early involvement of the substanco of tho nervous 
system distinguishes acute toxic encephalopathy from the various 
forms of meningitis. Tho diagno.sia from poliomyelitis is based upon 
tho absence of a considerable pleocytosis, the presence in many cases 
of extensor plantar responses, and the absence of muscular ^^a8ting. 
The infrequency of ocular palsies, especially of pupillary abnormali- 
ties, and the frequent occurrence of symptoms of massive lesions of 
tho cerebral hemispheres distinguishes the disorder from encephalitis 
lethargica. 

Prognosis. 

The prognosis varies in different groups of reported cases In some 
small epidemics almost all tho affected individuals have died. In 
others almost all hav e recovered. In fatal cases death usually occurs 
within tno or three days of the onset, coma having supervened 
within a few hours. In those who survive the dangers are tho per- 
sistence of mental defect, aphasia, hemiplegia, or epilepsy. Some- 
times the patient recovers from unconsciousness and hemiparesis 
clears up in a few days. In other cases improvement is slower but 
recovery is often surprisingly complete. 

Treatment. 

Treatment is symptomatic. Lumbar puncture with free-drainage 
of the ccrebro-spinal fluid is often helpful. Phenobarbital or other 
sedatives may be required to control tho convulsions. Coma may be 
treated by 1 or 2 oz. of 25 per cent, solution of magnesium sulphate 
per rectum. 
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2. SCARLET FEVER 

Nervous complications of scarlet fercr arc rare. Althougli focal 
vascular lesions have been reported, the pathological changes in most 
coses which have been int cstigated recently havo eonsisted of acute 
haemorrhagic encephahtis. Memngiaio is not uncommon, symptoms 
of meningeal irritation cocxisltog w ith a normal ccrebro*spinaI Ouid. 
True meningitis occurs less frctjuently and is usually secondary’ to 
otitis or other complications productil by p>ogcnio organisms. In 
a few cases the Streptococcus scarlatiRiM has been isolated from (ho 
fluid. Hydrocephalus has been reported in a few instances as a 
sequel of meningitis complicating scarlet fever. Cerebral abscess 
may occur apart from otitis, and I have seen an example of this. 
Hemiplegia, however, is the commonest complication resulting from 
involvement of the nervous system. Rolloston has collected CO cases 
from the literature. It is usually embohe in origin but may follow 
cerebral thrombosis or haemorrhage or acute cncepliahtis. Hyper- 
tensive encephalopathy may be responsible for cerebral sjTuptoms. 
A few cases of localized and multiple neuritis hat e been reported. 
Optic neuritis is rare. Chorea is a not uncommon sequel of scarlet 
fever. Encephalitis and meningitis due to complicating pyogenic 
organisms are usually fatal. Recover}' has occurred in cases of men- 
ingitis due to the Slrepiocoteus ecarlatinat. Hemiplegia of vascular 
origin 13 usuaUy permanent, but symptoms due to hypertensive 
encephalopathy disappear if the patient recovers. 
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3. WHOOPING-COUGH 

Tlie pathogenesis of nerrous syujp(oais in whooping-cough is 
varied. Sorao are duo to focal vascular lesions, especially haemor- 
rhages. Jarke has described multiple patches of softening of the 
cerebral hemispheres and AsLin and Zinmierman have reported a 
case of encephahtis with focal collections of iniiammatory cells. 
(Donvulsions ore not uncommon in whooplug-cough, especially in 
young cliildren. Though they may sometimes be due to transitory 
metabolic or other functional disturbances, in severe cases tho patho* 
logical changes of encephalitis ha\o been found. Focal symptoms, 
which include apliasia, unilateral or bilateral liemiplegia, blindness, 
and deafness, are probably the result of focal vascular lesions or 
softening. Peciphcrol nervo palsies aro rare and usually lato compli* 
cations. Patients who havo severe and frequent convulsions usually 
die. Of the group with focal lesions, according toLonde,ono-hfthdie, 
two-ilfths are incapacitated by residual symptoms, and two-hfths 
recover. 
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4. TYPHOID FEVER 

Jlental symptoms are common, those most frequently encountered 
being acute toxic confusional states during the febrile period and 
post-typhoid insanities of many forms, the nature of Dibich in 
mdiridual cases probably depends upon the psychological constitu- 
tion of the patient. Jleningeal symptoms may bo due to meningisin, 
the cerebro-spinal fluid being normal. Much more rarely true menin- 
gitis occurs, due to infection with the Bacillus typhosus, the cerebro- 
spinal fluid containing polymorphonuclear cells, together with the 
causal organism. Suppuratire meningitis may also result from infec- 
tion with other pyogenic organisms, with or without the Bacillus 
typhosus The substance of the nerrous system is less often involved 
than the meninges, but focal symptoms, especially hemiplegia, with 
or without aphasia, may occur, and are probably usually vascular 
m origm, being most fr^uently due to cerebral thrombosis. Optic 
neuritis is rare. Cerebral abscess may occur either by extension from 
otitis media or by metastasis from a foens of pyogenic infection else- 
where. Such abscesses are usually due to a secondary invader, but 
may be caused by the Bacillus typhosus. Occasionally spinal symp- 
toms predominate, yielding a picture of transverse myeUtis or of 
ascending paralysis of the Landry type. Neuritis is a rare sequel, 
polyneuritis involving the feet and causing tenderness of the toes 
being the commonest form. 

Similar complications may occur in paratyphoid fever, but less 
frequently than in typhoid. 

Mezungitis occurring in typhoid fever is usually fatal, and cerebral 
abscess is a serious complication which usually terminates fatally. 
Focal vascular lesions do not threaten life to the same extent, but 
frequently cause permanent disability, e g. hemiplegia. 
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5. TYPHUS FEVER 

Nervous complications are not uncommon in tyjihus fever, and 
there is abundant evidence that th^ are usually due to infection 



TYPHUS FEVER 383 

of the nervous system by the causative organism. Histologically 
microscopical nodules in the walls of the very small blood-vessels — 
typhus nodules — have frequently been observed in the nervous 
system, where they consist of perivascular collections of glial, 
endothelial, and other mononuclear cells (Aschoff, AV^olbach, Spiel- 
meyer, and others) Thrombosis frequently occurs in the affected 
vessel. The Jiiclettsia prou-azeki, which is believed to bo the causal 
organism of typhus, has been seen in tlio endothelium of the cerebral 
vessels and sometimes in the typhus nodules. 

Headache, delirium, and insomnia, which are common during the 
febrile stage of the illness, aro probably toxic in origin and do not 
necessarily indicate invasion of the nervous system. Focal nervous 
symptoms indicative of the latter usually occur during the last few 
daj s of the febnlo period or wit hm a few days afterw ards. Meningeal 
symptoms may occur, and any part of tbo nervous system may be 
involved. Cerebral sjTnptoins may indicate multiple lesions, a 
disseminated encephalitis, but hemiplegia is the commonest symp- 
tom. An acute cerebellar ataxia occurs in a small proportion of cases, 
and multiple bulbar foci may occur, loading to dysphagia and dys- 
arthria. lesions are sometimes conlincd to the spinal cord, yield- 
ing the clinical picture of a myelitis. The cranial and peripheral 
nerves frequently suffer. Optic neuritis may occur. Facial paralysis 
is particularly common, and deafness is not rare In the peripheral 
nerves the symptoms may bo those of a focal interstitial neuritis, 
associated vritli pain and tenderness, or of a polyneuritis 

Ciianges ate frequently present in the cerehro-spinnl fluid, wliich is 
sometimes xanthochromic and may exhibit a lymphocj'tosis. The 
albumin content of the fluid is usually little raised, but an excess of 
globulin, ns indicated by a positive Noguchi reaction, is present in 
50 per cent, of cases and may persist for from two to eight months 
after the acute stage (Damelopolu and Do Yaux). 

The occurrence of severe nervous symptoms naturally adds to the 
gravity of the prognosis. In patients who survive, cerebral symptoms 
aro frequently permanent, and Grodski speaks of chronic encephalitis 
following typhus. 
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6. MA^ARU 

Acute nervous symptoms in malaria occur chiefly in infections wth 
the malignant tertian parasite and are due to sporulation of the 
parasite in the cerebral captlbries. Sections of nerve tissue exhibit 
macroscopically a smoky grey appearance ^th oedema, hj'peraemia, 
and punctifonn haemorrhages. Histologically tho chief ahiiormahty 
IS more or less complete blocking of capillaries uith parasitized red 
cells, leading to thrombosis, oedema, and petechial haemorrhages. 
The leptomcninges exhibit a perivascular inflltration uith small, 
round cells. Jlalarial nodules (granulomas) have been obserseU. 
These consist of a central capillary filled nith parasit ized red cells and 
surrounded by a perivascular necrotic area, with glial proliferation 
(Thompson and A^ecke). 

Acuta cerebral malaria is characterized by rajiidly developing 
coma, with or without precedent convulsions. Simiptoms of inenio* 
geal irritation may occur, especially in children. In suds coses tbo 
prognosis is always very grave. Focal manifebtatjons includD hemi* 
picgia, aphasia, and cerebellar ataxia, whicli are usually transitory. 
Paraplegia has been described. Optic ncuntb and retinal haemor* 
rhages are not very uncommon, and complete external ophthalmo- 
plegia may occur. 

Chronic nervous symptoms in malaria are probably toxic in origin 
and are usually due to neuritis. Trigeminal neuralgia, facial paralysis, 
localized neuritis of single nerves of the upper and louer limbs, and 
polyneuritis may occur. 
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7. INFUJENZA 

Nervous symptoms are frequently attributed to influenza, but the 
diagnosis is usually speculative and, except in caatss occurring during 
epidemics, should always be received with caution. Pfeiffer's bacillus 
may cause meningitis, though this is rare. Acute haemorrhagic 
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encephalitis has been ascribed to influenza, and recently Greenfield 
has reported two cases of acute disseminated encephalo-myolitis 
characterized by perivascular demyelinatjon which follow ed a febrile 
illness diagnosed as ‘influenza’. Small epidemics of encephalitis and 
poljTieuritis have been obserred to comoide mth epidemics of 
influenza. Proof, however, is lacking that these forms of encepha- 
litis arc actually due to influenza or even that they complicate this 
disorder, since a precedent febrile illness, when it occurs, may well 
be due to invasion by the organism which is responsible for the 
nervous symptoms. The occurrence of mental symptoms, especially 
depression and lassitude, and of localized interstitial neuritis after 
influenza is, however, well established. 
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Tbeatmekt 

Tbo treatment of the nervous complications of the foregoing acute 
infections is primarily that of the infection itself, including the use of 
immune serum (o.g. in scarlet fever) or of convalescent serum, when 
tliis is available. Otherwise treatment is symptomatic and should 
bo carried out on the lines laid doira for other forms of encephalitis 
and meningitis. 



CHAPTER IX 

SYPHILIS OF THE NERVOUS SYSTEM 
Aetiology. 

St PHiLis 13 the moat frequent disease of the nerroua system and 
IS the cause of one in ei cry seven eases of organic nervous disease. 
Until the present century the full range of its unimfestations could 
only be guesacd Headache and paUies were attributed to syphilis 
m the Middle -Ages, but there was little exact knowledge of neiiro- 
svphilia before the nineteenth century. Boyle described general 
paralysis m 1822, and the first adequate account of tabes was given 
by Romberg m ISIO, and amplified by' Duchenne and Charcot, 
.il^yil Roberts>on described the pupillary' abnormalities which bear 
hisnanic in 1SC9. Fournier, aUoio ISfiD, described congemtal syphilis 
and introduced the conception of parasyphilis. The discovery of the 
causal organism in the Treponetna pallidum or iSpiroc/ioe/a pallida by 
Scbaudlon and UoS'manu in 1003 and tbe elaboration of the BonleU 
Waseermann reaction (1001-7) have tendered it possible to identify 
eouditions as syphiLlic, the relationship of which to syphilis was 
previously a matter of speculation. There are still, however, many* 
unsolved problems in tbe aetiology and classification ofDeurosyqihilis. 

Mtbough the earliest manifestation of acquired syphilitic infection 
IS tlie primary* chancre, it has been proved that spirocliaetcs may 
obtain access to tlio blood and be present in the spleen witliin ten 
days of infection and before (he chancre appears. There is evidence, 
which will be described later, that in the secondary stage spirochactes 
have reached the nerv ous system in a large jirojicrtion, probably in 
the majority' of persons infected, though they may not then give 
rise to symptoms. The secondary stage is usually follow ed by a ijcriod 
of latency, but even within a year, frequently within two or three 
years, symptoms of the tertiary stage may develop. 

On clinical grounds a distinction luvslong been drawn between two 
groups of tertuiry manifestations of neurosyphilis, one of vrhich has 
been known as meningo* vascular or ccrehro-spinal ByjihiJis, the other, 
vrhich comprises tabes and general paralysis, being distinguished as 
parenchymatous syphilis, parasyplulis, or nieUsyphilis. In meningo- 
vascular or cerchrO'Spinal syphilis symptoms may occur witliin a few 
pears of m&ettoa, tead to be focaJ, and on (he whole respond well 
to treatment. Tabes and general paralysis, on the other hand, exhibit 
a longer latent interval, are characterized by diffuse or syateinatize*! 
pathological changes, and respond less satisfactorily to treatment. 
We are still ignorant of the tme baris of this clinical distinction, and 
the names w hich hav e been apiihed to the tw o varieties of tertiary 
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nctirostypliilis arc therefore mi&alisfjctory. Xcillier a ccrcbro-si)iiial 
distribution nor involvement of the meninges and blood-vessels is 
ixjculiar to the more benign form, and destruction of the jurenchyni.i 
of the nervous system is not limited to tabes and general parahsis. 
McIntosh and Fildes iiavc with mucli cogency put forward the view 
that in tcrebro-spinal or meningo-vascular syphilis tho essential 
lesion is limited to tins blootl-vcssels and the niesoblastie tissues and 
tliat the }uirenchjiUH of the nervous svsteni sulTers secondarily, 
vihiio in tabes and general ]).)ni)\-sis tlicns is invasion of tho nervous 
tissue itself by spirochaetes in addition to a inesoblastic redaction 
This hypothesis jusliiies (ho use of iiiciungo-vn.scular sjplnlis ns a 
convenient, tliough not a strictly acenmte, term for tlio more benign 
form of tertiary nciirosyplidis aiul of ikirench^iiiatous neurusvphilis 
for tabes and general jktralysis. 

Xeiirosypliihs occurs in only a small proi>ortioii — about 10 per cent. 
— of iwraons infoctc<l vvilh the Sjnruchaela }>aUiila. It lias K*en 
sup]>oscd that certain strains of spiroihactus jxissess an ailiiuly for 
tho nervous system, wiulo others do not. In fuv our of this view it has 
been stntcHl that in some iastanei‘s n nnmbiT of imlividuals infected 
by tho stuuo |)crsua have all duvcIo])cil iivnros) [ihihs, tli.it thu pri- 
m.iry sure and secondary cutaneous niamfc.stioiis may bo sliglit or 
absent m {lersoiis who sub.sc(|iicntly develop iiciirasy p]iili<i and that in 
certain countries where syphilis Isrifo and oilier visceral iimnifobta- 
tions arc coniiuon, involvement of the nervous system is rare. 
Ixivuditi claims to bavo sciniraicvl dermolrojno ond ncurotropio 
forms of spirocUiioUi-by means of experimental inoculation. Theso 
arguments have not been accepted as eonclubivc ov idenco for llio 
existence of a neurotropic strain of bpirociiactcs. It appears, how- 
ever, that individuals and races who develop a bhar}> primary and 
bocondary reaction to tho infection are less likely to develop iieuro- 
sypluU'V than those who react less severely. Uccenlly modem iiiteii- 
Biv 0 methods of trcatiiiciit of ayyilulis have been blamed as a cause 
of the subsequent development of ncurosypbilis, and it has been 
suggested that such treatment may diminish tho patient’s natural 
powers of rcsistniico to tho organism or may pernut tho development 
of resistant strainsof spirochaetes in the nervous ay stem. This theory*, 
how ever, has not received general supjrart, and in any* case the early 
and iniensii'o trestment ot infected penjons, hy diiuinltihiiig tkeir 
infectivity, is certainly reducing the prevnleuco of neurosyphilis. 

It has been suggested that tho route by which tho infection 
reaches tho nervous system may iidlucnco the character of tho ter- 
tiary nervous monifcslatfons. In most coses tho nervous sy stem is 
probably infected througli tho blood-stream, though tho cerebro- 
spinal fluid may play a secondary part in tho dissemination. Orr and 
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Rows have claimed that the rinia or iU toxins may reach the ner^-ous 
system by ascending the perineural lymphatics and that tJiia route 
of invasion may be responsible for the development of general 
paralysis and tabes. A Ijmphogcnous infection may possibly play 
a part in the causation of tabess, but it is djlUcult to interpret the 
pathological changes in general paralysis in this way. 

Various factors have liecn regarded As predisposing to the develop- 
ment of ncurosj’phiiLs, especially alcoholism, other mfections, mental 
strain, and mhcriteil mental instability, bnt their Imjiortance in 
causation is dif&cult to assess. 

Seco^^dcby XsonosYFJiiLis 

Pathology. 

Spirochactcs may reach the nervous system during the primary 
stage and before the development of tho cutaneous exanthem. 
Xicolau found a limphocjiosis in the cercbro-spinal tluid in 9 per 
cent, of coses at this stage. In Uio secondary stage ahnonnaliUca 
ha>e been found in tho Ouid in irom 30 to SO per cent, of discs in 
different senes. Little is known of the palliolog^* of this stage, os the 
condition is rarely faUL In a small number of acute usd fatal cases 
of secondary neurosyphilii the brain has been ocdcmatcus, but other- 
wise histological changes have been almost conhned to the Icpto- 
meninges. The pia mater and arachnoid Lave been congceted and 
have lost their translucency and liavo exhibited a diSuao cellular 
infiltration which haa been most marked round the vessels, uliich 
have shown endarteritis. - 

Sj'mptoms. f— 

There may be no symptoms referable to the nervous system in 
spite of the presence of sL'gbt changes in the ccrcbro-spinal fluid, or 
the symptoms may be no more severe than the headache and pains 
in the back and limbs commonly associated with the secondary' stage 
of syphilis. Exceptionally, symptoms of considerable severity may 
occur between the onset of the secondary stage and the end of tho 
first year after infection. When the onset of these symptoms is 
insidious they are indistinguishable from the later manifestations of 
meningo- vascular syphilis described in the next section. Very rarely 
an acute and rapidly fatal mcningo-cacephalitis may occur during 
the first year after infection, characterized by generalized convulsions 
and quickly deepening coma. Polyneuritis has been descrilxxl during 
the first year after infection. 

The term ‘ neuro-rdapse ' has been applied to the subacute develop- 
ment of nervous symptoms within a few months of the secondary 
stage in a patient who has received inadequate treatment. The 
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symptoms of a neuro-relapso are commonly more severe than would 
bo likely to occur in an untreated individual, and it appears that 
partial treatment, uhilo failing to destroy many of the spirochaetes, 
may either reduce tho patient’s resistance or render him hyi>erseusi- 
tive, so that further multiplication of tho spirochaetes may be 
followed by a severe reaction. Convulsions, coma, severe headache, 
papiUocdema, ocular palsies, aphasia, or hemiplegia may occur in 
such patients. 

The Cerebrospinal Fluid. 

In patients in the secondary stage tv ho show no symptoms of 
involvement of the nervous system the clianges in the cerebro-spmal 
fluid are usually slight and are present in from one-third to one-half 
of all coses. They consist of a slight increase in tho number of 
mononuclear cells or of tho globulin or of both. The Wassermann 
reaction is negative in tho fluid but may be positive or negative in 
tho blood, according to whether the patient has received treatment. 
Patients suSenug from nervous symptoms are bkcly to show more 
marked changes in tho fluids and these are usually proportional to 
the severity of the sj’inptoms. When clinical evidence of meningitis 
is present, pressure of the fluid is usually raised and tho cell content 
is increased and may be as high os 1,000 per c.mm. The cells are 
usually mononuclear, but in the most acute coses polymorphonuclear 
cells may also bo present. Tests for globulin ore positive and the 
Wassennann reaction is usually positive in the fluid, if from 0-5 to 
1 c.cm.isused. It is usually positive m thoblood.butmay benegativo 
if the patient lias been treated. 

For Diagnosis, Prognosis, and Treatment, see pp. 394--d, 399. 

TEBXiAny MENiiiGO-vAscui.An Sypuilis 
Cerebral Sy^Uia 

Pathology. 

The essential lesion in meningo-vascular syphilis is a vascular 
and perivascular inflammation (Fig. 42). The affected vessel ex- 
hibits a proliferation and inflammatory infiltration of its wall — 
endarteritis obhterans — and the perivascular space is inflltrated with 
lymphocytes, plasma cells, and usually with fibroblasts. The 
proliferation of the fibroblasts leads to fibrosis, while impairment 
of blood-supply through reduction of tho lumen of the vessel, or 
actual thrombosis, together no doubt with the action of toxins 
produced by tlie organism, causes necrosis or caseation of neighbour- 
ing tissues. The result is a gumma, Tihich is a granuloma originating 
in a patch of perivascult» inflammation leading to necrosis, sur- 
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roundc-d by a zone of fibrotic teactioa. Spirochaetcs are scanty 
and diflicuit to demonatratc in all tertiary S 3 ’pbilitic lesiions, but Uiey 
bare been found in tlie periphery of cerebral gummas. This charac- 
tonstic reaction of the me»oblaslio tissues to tlic spirochacto is the 
paiiiological bails of all forms of meningo-vascular syphilis. 
Climcal mamfeatations depend entirely upon the site of the process. 



Cranial Pach^wcnin/jitis. 

Sc’philitic inllainmation of the dura mater of the cranium is 
comparatively rare. It may bo wx-orolaiy to uatcitls of the Imnes of 
tbc cault, or the dura may Ijo involved apart from the l<one. The 
underh mg Icptomcniuges usually become adherent to the dura, the 
whole fonmng a dense mcmbniiiu nhich may coccr the greater jKirt 
of one or both rc-rebral heiiuiphctes and may Iw hncniorrhagic. 

<?um»na/ous Lf}>(om<n!iiij!lU. 

Cbmimatous leptomeningitis is a common manifestation of neuro- 
syplnlks. The basal mcningvsarefrctiuently aliccted, but tbo process* 
may bo confincil to thcfe-o roienng the convexity of the c-crebral 
iicinispberes. Tlie arachnoid ami pU mater fonn an adherent 
Uiickcnwi membrane, ubich may contain a guinniy c.tudato and 
small gummas. 
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Cerebral EnJarlfrilia. 

Although endarteritis occurs m all cerebral syphilitic lesions, it 
assumes esiweial importaneo uhen a main arterial trunk is the site 
of the process. Progressive occlusion of an artery usiinlly leads finally 
to throuibosia and causes focal symptoms corresponding to the part 
of the bram supplied by tho vessel. 

Ginima. 

Small cerebral gummas are common aiul they arc usually multiple 
and take origin from tho meninges. They aro usually' rounded, 
greyish in colour, surrounded by a pink vascular zone. They may 
bo relatively soft from central necrosis, or tough, when fibrosis 
prcKlominatcs. A cerebral gmnma uiiich is siifiicicntly large to give 
rise to increased intracranial pressure is \ cry rare and is usually found 
os a subcortical mass in ono cerebral hcmls])licro. 

Symptoms. 

Meningo-\ .iscular syphilis may cause symptoms uitliin a few 
months of infection or at any sul^oqucnt jicriod in tho patient’s life. 
In most eases, howeser, symptoms develop within tlio first five years 
after infection. Symptoms aro very varied on account of tlio multi, 
pheity and different sites of tho lesions. Frequently symptoms of 
both cerebral and spinal syphilis are prc.scnt in the same patient. 

Latenl Menuigo-fascular Sy^ikilis. 

It is imi>ortant to recognize that abnormalities duo to meiiiiigo- 
vascular syphilis may be found on routine examination of the 
nervous system in an individual who has never suffered from 
symptoms. Similarly they may hnvo been present for years without 
causing symptoms in a patient who comes under observation com- 
plaining of a focal lesion of recent onset. Tho most important signs 
of latent neurosypiiiiis aro inequality and irregularity of tho pupils, 
w ith a sluggish reaction to light or actual Argyll Robertson pupils, 
inequality of tho tendon rcllcxcs, especially in tlio lower limbs, and 
unilateral or bilateral extensor plantar responses. 

Cranial Pachi/nieningilia. 

This rare condition may give rise to no sy’inptoms apart from 
headache, but vviien the dura is adherent to tho leptomeninges 
over tho cortex there arelikcly tobe symiptoms of cortical irritation, 
such as focal convulsions and paresis of the limbs. (See also Subdural 
hacmatoma.) 
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Cerebral Leptomeningilia. 

The s}Tnptom3 of gummatous leptomeningitis may bo relatively 
diffuse or sharply focal, for example, limited to one cranial nerve. 
When tho lesions aro diffuse tho-ooset of sj-mptoms is usually in- 
sidious. Headache is frequently severe, with nocturnal e.xacerbations, 
and may be associated with tendem^s of the scalp. Paj)illoe<lenia 
may occur Jlental changes aro common. In mild cases these consist 
of impairment of memory and of intellectual capacity. The ])aticnt 
becomes inefficient at his w orkand if, as is not uncommon, be c.'diihits 
anxiety and nervousness, tho condition may be mistaken for neuras- 
thema In more severe cases tliere is marked apathy ivith gross 
mental deterioration amounting to dementia, or tiio mental state 
may resemble that of' Korsakow's psychosis. Aphasia may bo 
present and loss of sphincter control is common. The x^tient may 
finally pass into a state of semi-stupor. Wlicn the meninges over tho 
convexity of the cerebral beimsphcres aro involved, coavuLions may 
occur. These may be Jacksonian attacks without loss of conscious- 
ness, or generalized fits in which consciousness is lost. Paresis and 
mco-ordination of the limbs on one or both sides aro common. 
Basal meningitis frequently involves (ho chiasmal region and may 
thus lead to optic atrophy with defects of the visual fields. Eistur* 
banco of the functions of the hyitotbalamus may cause obesity, dia- 
betes insipidus, transient glycosuria, or narcolepsy. Hydrocephalus 
occasionally occurs. ReSex iiidoplcgia is almost constant and 
cranial nerve paLies are common, the nerves being invohed in 
gummatous infiammation in their passage tJtrough the meninges. 
They may be affected singly or in association witli adjacent nerves 
and usually umlatcrally. Tlio third nerve is most frequently affected, 
and painless third-nerve palsy as an isolated symptona is not in- 
frequently the-cause of the patient’s coming for treatment. The 
paralysis of the intrinsic and extrinsic ocular muscles supplied by 
the nerve may be incomplete. Its ooHit is usually rapid. Next in 
frequency the sixth, seventh, and fifth cranial nerves are liable to bo 
attacked. Thus facial paralj'sisclinically indistinguishable from Bell’s 
palsy may be syphilitic in origin. W'hen the fifth ner\-e suffers, sen- 
sory disturbances arc more common than motor w eakness. Neuralgic 
pain referred to the distribution of one or more of its branches may 
be associated with either hyperalgesia or analgesia and sometimes 
ivith ophthalmic herpes zoster or neuropathic keratitis. Syiiliilitic 
lesions of the eighth nerve may cause vertigo or deafness. Tho 
nerves arising from the medulla may be involved, tho tw elfth suffer- 
ing more frequently than the tratb and eleventh, but any of the 
three may be affected cither alone or in combination with the others. 
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Ctrchral Endarteritis. 

iVny cerebral artery may bo the bito of syphilitic endarteritis. 
Before occlusion is complete there ore frequently premonitory motor 
or seasory ayniptoma due to ischaemia of the region supplied by the 
vessel. Fuially, tliroinbosis leads to symptoms of infarction uliich 
are described clsowhcre ; see p. 284. The middle cerebral artery or 
its branches and the posterior cerebral aro most frequently the site 
of syphilitic thrombosis, but the anterior cerebral or the arteries of 
the brain-stem may bo involved. 

Hemiplcgia is the commonest manifestation of cerebral thrombosis 
due to syphilis and may occur os a result of occlusion, cither of the 
middlo cerebral artery itself or of one of its basal branches supplying 
the internal capsule. Hemiplegia usually occurs w ithin two or three 
years of infection. It.s onset is rapid and associated uith Itcadachc, 
but not Mith loss of consciousness. Syphilitic hemiplegia is rarely 
bilateral. 

Parkinsonism is a very rat© manifestation of cerebral syphilis, but 
has occasionally been described in association with symptoms of 
syphilitic inflaumation of tho inidbrain. 

Cerebral Gum7na. 

The symptoms of a cerebral gumma are those of an intracranial 
tumour situated usually subcortically ui one cerebral hemisphero. 
Tho syphilitic origin of tho tumour can only bo infcircd from tho 
history of infection, tho presence of signs of syphilis ebcuhere, and 
a positive IVassermaiui reaction in tho blood or ccrebro-spinal fluid. 
Cerebral gumma is very rare, however, whereas both intracranial 
neoplasm and syphilitic infection arc common and may be present 
in the sarao individual. A positive Wassermann reaction, therefore, 
must not be interpreted as indicating that a space-occupying lesion 
within the skull is necessarily, or even probably, a gumma. 

The Cerebrospinal Fluid. 

In latent neurosyphilis the Wassermann reaction may bo cither 
positive or negative in tbo blood, but there is frequently no abnor- 
mality in the cerebro-spinal fluid. In cases of active meningo-vascular 
syphilis the Wassermann reaction is positive in the blood in 60 or 
70 per cent, of cases. The pressure of the cerehro-spinalfluid may be 
cither normal or increased. There is usually an' excess of cells ranging 
between 20 and 100 per c mm., though the latter number may be 
exceeded. Tho cells are mononuclear. The protein content of the 
fluid is usually increased and lies between 0 03 and 0-15 per cent. 
An increase in tho globulin is almost invariably present, and the 
Wassermann reaction Is positive in from 90 to 100 per cent, of cases 
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wlien I c c. of fluid is used. In cases of sj-pliilitic cerebral tbrom- 
bo»is the Wassenuann reaction may be positive in the blood and 
negative in the fluid. Lange’s colIoid.il gold test yields cither a 
■paretic’ curve, eg. 5542210000, or a ‘luetic* curve — 1355421000. 
The colloidal benzoin test is likely to yield a positive reaction, that 

complete precipitation in the first five tubes. 

Diagnosis. 

Cerebral .syphilis is so protean in its manifestations tliat its diag- 
nosis covers a large field of neurology. Fortunatel}’, serological teats 
come to the aid of clinical ob:>crvation. It is rare that the Wasser- 
mann reaction is negative in the cerebro-spinal fluidiu active cerebral 
'sj*phili3, and still more rare to find the reaction negative in both the 
cercbro-spinal fluid and In the blood. Any suspicion of sypbilissbould, 
therefore, lead to the examiD.ation of both. 

The mental changes associated with cerebral require to be 

diatingui»hed from other mental disorders and in their milder forms 
from neurosis. A clue to their true nature is usually ailordetl by the 
presence of abnormabtics in the nervous system, csjiccially in tlio 
pupils and their reactions. 

Subacute syphUitic meoi&gttU must be diScientiated from tulict* 
culous meningitis. Both possess in common not only some clinical 
features, but aUo ccrtaii) changes in the ccrcbro-spinal fluid, fur 
example, ]>*iuphoc}'tosis and an increase in the protem and globulin. 
In syphilis, lion ever, the Wassermann reaction is almost olnays 
positive and the chloride content of the fluid Is norma), uhcrcas 
in tuberculous meningitis the Wossermann reaction is negative, the 
chloride content is considerably diminisbcd, and tubercle Uacilii may 
be found 

When rociiingo-vascular s>-pb>Us is associated with papilJoedciiia 
it may be confused with other conditions causing mcrcasetl infni- 
craiual pressure, especially intracranial tumuur. The symjitouis in 
syphilis, how e\ tr, rarely suggest a single focal lesion, ami if such are 
present a tumour should not be too rcatUly cxthulttl, even if the 
Wo-ssermann reaction is positive, since it is not i cry rare for a tumour 
to develop in a patient suffering from syphilis. 

When either focal or generalized epileptiform attacks apj)car for 
the first time m adult life tare must always lie taken to exclude 
st^ihihs as a cause. 

Cerebral tluomlxisis of s^-philitic ori^ usually occurs at an carUcr 
ago than th^ombo^i3 due to allicroma, hut otherwise it can be dis- 
tinguLhcd from the latter only when a history of infection or otlicr 
feigns of sjqilulis are prcbcnt, or in their absence, by serological testa. 

Memngo-vascul.ar syphilis, since »t frequently caiifeca multiple 
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cerebral lesions, may be confused with encephalitis lethargica and 
^^itll disseminated sclerosis. In encephalitis a history of the acute 
attack is often obtainable, though less frequently to-day than previ- 
ously. Tlie reaction of tlie pupils on convergence is more often 
inqiaired than that to light, whereas in cerebral syphilis the opposite 
is the case, and Parkinsonian symptoms of \arj'ing severity arc 
frequently present. In disseminated sclerosis it is very rare for the 
pupillary reflexes to bo affected, and n^’staginns and mco-ordination 
of the limbs in the absence of sensor^' loss are rare in syphilis and 
common in disseminated sclerosis. 

Prognosis. 

Tlio prognosis of cerebral syphihs is on the whole good, and 
excellent results are often obtain^ from energetic treatment. When 
severe mental sjmptoins have occurred, however, although there 
may bo marhed unprovemont, the patient is likely to be left with 
aomo impairment of intellectual efficiency and emotional stability. 
The results of vascular occlusion are permanent, and tliough some 
unprovement may follow the disappearance of shock following the 
onset of the lesion, there is likely to be little further change for the 
better in hemiplegia, and tiie licmiauopia resulting from posterior 
cerebral thrombosis persists unaltered llchpscs are not uncommon, 
especially in patients who have abandoned treatment. They are less 
likely to occur in those who are thoroughly treated and kept under 
regular observation. 

Treatment. 

See p. 399. 

Spinal Si/philis 

Pathology. 

Tlie histological character of the lesions of memngo-\ascular 
syphilis has already been described. 

Spinal PacfiymeningilU. 

Syphili ticinflammation of the spinal dura mater may follow spread 
of infection from syphilitic osteitis of the spino or may occur in- 
dependently of disease of the bone. The cervical region Is usually 
involved — pachymeningitis cctvicalis liypcrtropliica. It is probable 
that this condition is sometimes non-syphihtic. The dura mater is 
thickened and adherent to tfao arachnoid and pia. The vessels 
entering tho cord are involved in the inflammation and the cord 
becomes sclerosed and may contain a central cavity. Destruction of 
tho long tracts is follow etl by ascending and descending degeneration. 
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ileninso-myelitU. 

As in cerebral syphilis the meninges and LlocxI-vessels are both 
inTolved, though frequently not equally severely. I\Tien lepto- 
meningitis predominates, degenerative changes m the cord itself may 
be superficial, as in syphilitic amyotrophy. When the vessels also 
suffer severely, lesions of the substance of the cord are more ex- 
tensive. Though the lesions are chronic, thrombosis of an important 
vessel may precipitate acute changes leading to an acute or subacute 
transverse lesion of the cord. In such cases the leptomeninges are 
adherent to the cord, which is visibly softened, ilicroscopically the 
vessels show cndartentis and perivascular cellular infiltration, and 
the meninges are also infiltrated. Within the cord there is degenera- 
tion of the myelin sheaths and sometimes also of the axis cylmdcrs. 
The ganghon cells exhibit cbromatolysis, and ascending and de- 
scending degenerations are to be found. Syphilitic. myelitis usually 
involves the dorsal region of the cord and, though the leptomeninges 
may be eiUnavely infiltrated, the area of of tho cord is 

usually limited to tuo or three segments. 

Erb's Syphilitic Spinal ParalyiU. 

Progressive spastic paraplegia developing during middle life woa 
first described by £rb. This condition is probably usually a > ariety 
of syphihtic my ehtis, though It is possible that syphilis may occasion- 
ally produce a primary degeneration of tho pyramidal tracts. A 
similar progressive paraplegb was at one time ascribed to ‘primary' 
lateral sclerosis'. This is certainly not a nosological entity, and 
those cases which are not syphilitic in origm are probably due to 
disseminated sclerosis or subacute combined degeneration. 
iSptnoi Endarierilia. 

As in the brain, endarteritis of one of the spinal arteries or of its 
branches may be followed by thrombosb leading to a circumscribed 
area of softening within the cord, corresponding to the area of supply 
of the obstructed vessel. 

EadicuIitU. 

One or more of the spinal posterior roots may be involved in 
syphihtic inflammation spreading inuards from the meninges. 

Symptoms. 

Cervical Pachymeningitis. 

The earliest symptom m pain due to strangulation of the posterior 
roots, which radiates round the nedr, over the shoulders, and down 
the upper limbs. The pains are fbUoued by progressi\e atrophy of 
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tho muscles supplied Ly the corresponding anterior roots. Fmally, 
compression and ischaemia of the cord lead to progressive spastic 
paraplegia ^vith sensory loss below tho level of tho lesion. 

Amyotrophy. 

Sluscular atrophy is a rare symptom of spinal syphilis. Jlartin 
(1925) has reviewed the clinical features in sixty cases. The 
muscular atrophy may begin in tho small muscles of the bands, in 
tho shoulder muscles, or in tho muscles on the outer side of the leg, 
and may be unilateral or bilateral. Pain in tho affected region may 
occur at tho onset and is sometimes severe. Spastic w eakness of tho 
lower limbs may develop, but is exceptional, and pupillary abnor- 
malities ore present in o^y a quarter of all cases. 

Mtningo-myelUxi. 

ilychtis is frequently an early symptom of meningo-vascular 
syphilis and not uncommonly occurs within three ^cars of infection. 
The dorsal region of tho cord is usually affected, ilotor symptoms 
arc generally preceded by pains in the back, spreading round tho 
cheat and aMomcn. IVeakness of the lower limbs develops between 
a few da^'s and several u coke after tho onset of tho pains. In some 
coses complete flaccid paraplegia rapidly develops, w ith retention of 
unno and impairment or loss ofall forms of sensibility below tho level 
of the lesion. Sometimes tho onset is more gradual and the functions 
of tho cord aro less severely affected. In such cases the patient 
develops spastio paraplcgia-in-oxtension ; control over the bladder 
is less severely impaired and sensory loss may bo shght. In tho 
flaccid form of paraplegia tho reflexes in tho lower limbs may at 
first bo lost; extensor plantar responses shortly appear, however, 
and as spinal diock passes off, severo flexor spasms aro likely to 
develop. 

Erb'a Syphilitic Spinal Pamhjais. 

Progressive spastic paraplegia is sometimes due to syphilis. It 
differs only from other forms of syphilitic myelitis in its more gradual 
onset and more slowly progressive course and the absence of 
sensory loss. 

Spinal Endarteritis. 

Endarteritis and arterial thrombosis play an important part in 
syphilitic myelitis. Exceptiomdly thrombosis of a branch of the 
anterior or posterior spinal arteries comparable Wrftfi syphilitic cere- 
bral thrombosis occurs. When a lateral branch of tho anterior spinal 
artery is the site of thrombosis thcro is a sudden onset of weakness, 



39S SYPHILIS OF THE XERVOUS SYSTEil 
followed by wasting of the mascica iimerrated by the affected spinal 
segment. The spino-thalamic tract on the same side is frequently 
damaged, with the production of relatire hcmianalgesia and hemi- 
thermo-anacsfhesia on the opposite side of the body, with an upper 
level a few segments below that involved in the Icaion. \Vljen throm- 
bosis of one poaterior spinal artery occurs this is usually' limited to 
a few segments. All forma of 8 enaibilit 3 ' are hlely to bo impaired 
m the corresponding cutaneous segments oiving to destruction of 
the poatenor horn of grey matter. The posterior columns and the 
pvTamidal tract on the same side are also the site of softening, as 
a result of which jn^tura] sensibility* and appreciation of jxasshe 
movement and of vibration are Ia»t below the Ie>el of the lesion on 
the same side, and there is also spaetic paralysis below the lesion on 
the side affected. 

Badieulilif. 

Syphihlic radiculitis usually affect* the j>c«tcrior roots and cam^-a 
pain of a corresponding s«gmeDtal distribution associated with citlicr 
hyperalgesia or ivith analgesia. Herbies zostcr U a not uncommon 
compheation of this lesion, \nien the anterior roots arc also affecivd, 
weaiacss and wasting develop to the muscles which they supply. 

Tfit Ctrebro 4pinal fluid. 

In chrome spinal syphilis the changes id the cerelro-spinal fluid 
are the same as those found in cerebral syphilis; sec p. 393. Follou. 
mg a subacute lesion, sucii as meoiago-myelitU, there is irequently 
a considerable excess of protein and of mononuUear cells, arid both 
in this condition and in ^-phihlic pachymeningitis Icptomcningeal 
adhesions may lead to obstruction of the subarachnoid space, in 
which ca«e the fluid will exhibit the changes characteristic of spina! 
block (seep CJS}. There is usually an excess of cells, however, and 
the Wa^scrmann reactiouispo^dtive. Avascular lesion of the spinal 
cord may be associated with a nonnal spinal fluid, but the Wasser- 
mann reaction is usually positive in the blood. 

Diagnosis. 

Spmal syphilis has to be differentiated from other conditions 
CQiiJ»mg paraplegia or imtatica oT posterior spinal roofs, espcdalJy 
from spinal tmnoiir and ireim disseminated Tie 

usually is not difScult. A history of infection is usually* obtainable. 
Signs of cerebral ^bilis, especially irregularity* of the pupils and 
impairment of their reaction to li^t, are frequently present and 
characterutic changes, especially a positive ^Vassermann reaction, 
are found m the cerebro sjnnal duuL 
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Prognosis. 

Spinal sypliUis usually responds well to treatment, the determining 
factor in prognosis being the extent to which irreparable damage has 
already been done to the spinal cord. Even when myehtis has led 
to complete paraplegia, improvement is likely to occur as shock 
passes off and oedema of the cord dlsapjicars. Complete recovery, 
however, is not to bo expected. The prognosis is naturally worse in 
patients who have developed urinary or cutaneous infections whicli 
may prove fatal. In amyotrophy the progress of the muscular 
wasthig can frequently be arrested and slight improvement may 
occur, but much of the disability will be permanent Hoot pains 
can usually be reheved, but aro sometimes intractable. 

Treatment of Meningo* vascular Syphilis. 

Before treatment is begun the blood Wassermann reaction should 
be examined and a complete investigation of the ccrobro-spuial lluid 
should be carried out for comjiarisoi) with future findings. The object 
-of treatment is the destruction of all the spuochaetes in the body, 
but few to-day arc sanguine enough to believe that this can be 
accomplished, at least utdess treatment b begun within a few* w ccks 
of infection. Even if this ideal cannot bo attained, however, it is 
frequently jiossiblo to raise the patient’s resistance to the infection 
so that it can bo maintained in a state of latency. The most im- 
portant apirochaeticidal drugs are mercury, bismuth, and the arseno- 
benzene derivatives. The action of the ^st two is gradual, that of 
the last is more Intense but less enduring. The best therapeutic results 
aro therefore obtained by using them in combination. Iodide is also 
valuable iii promoting the absorption of inflammatory products. 

Mercury. 

Jlercury may be given either by the mouth, by inunction, or by 
intramuscular injection. The preparations commonly employed for 
oral adininistratiou and their doses are 

HydrargjTum cum creta . , . - gr- 1~2 

HydrargjTi iodidum flavujn . . . gr. J 

Pilula hyJrargyri . . . • gr- 1-3 

Gastro-intcstinal irritation may be controlled by giiing simul- 
taneously small doses of opium, such as ptdvis ipccacuanhac co., 
gr. 1-2. Tbesepreparatiousarebestgivenmtheformofpills. Alter- 
natively liquor hydrargjTi perchloridimay bo used in I-drachm doses. 

Inunction requires to be carried out by a skilled rubber. At each 
inunctiou 5 gm. of 33J per cent, mercury ointment is rubbed into 
the skin. The course consists of from 40 to 200 rubbings, dejjending 
upon the patient’s tolerance. For intramuscular injection the most 
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pinTp-a preparation is 10 per cent, mercury cxeam, tlie dose being 
1 gram of mercurj' ueeklj’. 

Since mcrcurj’ U apt to produce stomatitUj the teeth must be 
kept m good condition. Stomatitis is an indication tiiat Uio limit 
of tolerance has been reached. 

Bismuth 

Bismuth IS more strongly spirocbacticiclal than mercury and of 
recent je.ixs has replaced the latter drug to a considerable eitcnt. 
It is giren intramuscularly as a suspension, cither of the tartro* 
biAmutbate of sodium and pota&aium, which is somewhat painful, or 
of the oxychloride or salicylate of bismuth, which cau»es little paui. 
The average dosoisO'S-O-agm. of bUmuth weekly for a series of 10 
injections. Bismuth, like mercury*, may cause stomatitis and may 
[>roduce a greyish-blue line on the gum margin. 

-lr4cno.iea:Me Zleniu/iies. 

Salvarsan has been superseded by more convenient trivaleut. 
orMidcal prepamtioos, of which those in commonest use are noo- 
salvarsan, or aovarseuobillon,6il\crsaivar^, and sulfanicnol. Thu 
first is given intravenously, the ma-ximum dose being O'O gm. 
Silver salvarsan is also given intravenously in dosus up to 0*3 gm. 
Sul/arscnol in doscs of 0 6 gio. may be given intramuscuhrly or 
into the deep subcutaneous tissues. Pentavalcnt arsenical preparu- 
tioiu such as tryparsamide, stojarsol, aud acetyla^son are said to 
penetrate the nervous sj-stem more readily. Tho do-e of tryparsa- 
mide IS gin. Ail of (iicbe <Jrug.s arc usually given in courses of 
from G to 10 injections. Tliey arc contraindicated in the elderly, in 
those with advanced arterial disease, and when there is reaisun to 
suspect that tho liver or kidneys ore damaged. They sliould bo 
given with caution in cases of cardio-aortic syphilis. 

lodijf. 

Iodide is usually well tolerated, but may* causo gastro-iutcatinal 
di.-.turbances or a TOah and other hymploms of lodism. IVlien iicll 
tolerated it should bo given in incitasing doacs by* tho mouth, until 
tho patient is taking GO-itO grains of poto&uiiui iodido a day, and 
this doao should be continued fursecerd weeks. Smaller doses must 
bo UMxJ for more prolonged odmioistration. Tliyroid extract appears 
to be of value in increasing tbe patient's rcsistaucc to the infection. 
The Routine of Treatment. 

Treatjni-nt should bo given in a series of courses of on arsenical 
preparation and mercury or Hamuth and iodido simultaneously. 
Tlic course consists of a weekly injection of novarscnobillon fur 
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weeks, beginning witli 0-45 gin. and ujcreasing to 0 !> gm. At the 
same time mercury is given, combined witli iodide, by the mouth, 
or mercury or bismuth is injected intramuscularly. The patient 
then rests for two moiitlis, during wliicli time ho has no treatment 
or only small dosca of iodide. The course of injections is then 
repeated, and so on. 

Tiie blood Wassermaun reaction should bo examined every six 
months and tho ccrcbro-spina) fluid onco a year. The object to be 
aimed at is primarily tlie relief of symptoms aud tho arrest of tho 
progress of the disease. Tho latter can only be regarded as having 
been achici cd w hen tlio terebro-spuial fluid is normal, with a negative 
Wassermann reaction, and tho Wassenuann reaction in the blood is 
also negative. Wiicn this lias been achieved the patient should be 
thoroughly examincil clinically and the blood Wassermann reaction 
tested onco a jear for five jears, but it is unnecessary to examine 
the ccrebro'Spinal fluid again unless fresh symptoms appear. Fre- 
quently, liowovcr, patients in whom tho clinical course of the disoaso 
appears to be arrested continue to manifest a positive Wassermann 
reaction in tho blood or in tho ccrcbro-spinal fluid or in botli. Such 
jiatienta may benefit from a coiurso of induced pyrexia produced by 
throe or four intravcoous injections of graduated doses of B. Coli 
vaccine (Pyrifcp). Good results may bo obtained by suspending 
tho vacemo in a doso of novarsenobillon and thus injecting them 
intravenously at the samo tunc If, in spilo of treatment for two or 
threo >cara, tho patient remains ‘Wasscnuanii-fabt’ and his clinical 
condition is satisfactory, further treatment is inadvisable. 

The ZIemicle Clarification Jtenction 

The recently introduced Alcmicko clarification reaction is a useful 
accessory to tho Wassermann reaction in tho diagnosis of syphilis 
It utilizes the capacity of a syphilitic scrum to precipitate a colloidal 
suspension. It may be applied both to tho blood and to the cerebro- 
spinal fluid. Xicole and Fitzgerald found tho Meiuicko a more sensi- 
tive test for the scrum than tho Wasscrmami reaction, w’hilo tho 
Kahn was more sensitive than either when applied to tlie cerebro- 
spinal fluid. 

Gencrai, Paralysis 

Synonym: Dementia paralytica. 

Aetiology. 

General paralysis was recognized as a clinical entity about a 
hundred years ago, though, as its name ‘general paralysis of the 
insane’ implies, it was at first it^rded as a form of jiaralysis 
supervening in persons who had alreaily become insane. In the 
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latter half of last century iU relationship to syplulilie infection 
was established, though syphilis was tlien regardcfl as predisposing 
to general paralysis rather than as actually causing it, hence it was 
termed a ‘ parasyphihtic’ or'mctasypliilitic ' disorder. Noguchi, how- 
ever, in 1911, first demonstrated the presence of apirochaetes in the 
brains of sufferers from general paraly’sis. 

Many hypotheses have been proposed in explanation of the marked 
difference in the clinical features of general paral^-sia and cerebral 
meningo- vascular syphilis, notably the rapidly progressive course of 
the former and its failure to res{>oiid to treatment which effects' 
improvement in the latter. Tbo most satisfactory explanation 
is that put forward by ^Iclntosli and Fildes, according to whom 
in mcnmgo-vascular syphilis the ncrre-cells of the brain suffer 
secondarily to infection of the mcsoblastic tissues, cs^iccially the 
blood-vessels, whereas in general paralysis spirochactes penetrate 
through the blood-vessels and reach tbo ncrxe-cells, which their 
tozina directly affect. Not only is the resulting degeneration of the 
nervous elements irreparable, but Ibo spiroebaetes Ijing witiiin the 
brain substance are beyond the reach ofspirochacticldal drugs winch 
cannot pass through the blood-vessels. This theory leaves unex- 
plained the different distribution of (ho spirochactes in meningo- 
vascular syphilis and in general paral^'sis, the invasion of tiie nervous 
tissues in the latter presumably being due to constitutional or 
inununological factors which are not yet understood. 

General paralysis is the disorder present in about five out of 
twelve sufferers from ncurosyphilis. Males arc more liable to it 
than females in the proportion of four to one. It usually develops 
between ten and fifteen years after infection, though the interval 
may be much shorter and exceptionally thirty or more years may/ 
elapse. It is rarely, however, that the incubation period is more 
than twenty years. It has been stated that its duration is inveiBcly 
proportional to the .age at which infection occura.- The first symp- 
toms usually apjiear between the ages of 40 and 50. 

In many tropical and subtropical countries where syphilis is rife 
general paralysis is almost unknown amongst the natives. This, 
however, cannot bo due to a peculiarity in Uie infecting organism, 
since Europeans who acquire the infection from tJio natives are liable 
to develop it. 

Alcohohsm, mental strmn, physical trauma, and an inherited 
neuropathic constitution have ^ been rcganled as predisposing to 
tho development of general paralysis, but the influence of these 
factors IS difficult to assess. Kretscluner has pointed out that tho 
majority of sufferers come of a c^cblbymic stock w hich is associated 
with a pyknic (i e. short, thickset) physique. 
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Pathology. 

macroscopically tho brain is shninkcu, the convolutions being 
unusually well delined, and there is a compensatory lijdrocepbnlus, 
botli external and internal, but tho atrophy is confined to tho an- 
terior two-tJiirda of the hemispheres. Tho pia-arachnoid is usually 
more opaquo than normal, and the walls of the ventricles present a 
granular npjicaranto duo to cpcndymitis. Haemorrhagic paclij'- 
nieningitis is sometimes present. 

llicroscopically changes are predominantly cortical and are found 
m the meninges, blood-ve.ss.cl3, and neurones. Tho leptomeninges 
show a diffuse infiltration with lymphocjtcs and plasma cells. 
Similar cells occupy tho perivascular spaces of tho small vessels and 
capillaries of the cerebral cortex, and there is usually evidence of 
new formation of capilhiries. The ganglion cells of tlio cortex show 
a varying degree of degeneration, going on to complete disappear- 
ance. Those changes are most inarkoil in the molecular hi> cr and 
the lasers of small and medium-sized pyramidal cells. The deeper 
lasers, including the largo pyTamldal cells, show' slighter or some- 
times more acute alterations. Diunjclination of tho fibres of the 
cortex, especially of the tangential fibres, is also ])rcscnt, frequently 
with a focal distribution. Thcro is a proliferation of the gUa, with 
tho formation of both tibrogha and of giant glial colU. Tho microglia 
is also hyiicrtrophicd. Iron is present in largo amounts both in tho 
iwnvnscular spaces and in tho microglia. 

These cortical changes arc always difiusc, but tho frontal and 
temporal regions usually sufier most severely. Similar changes are 
to bo found in tho basal ganglia and in tho cortex of tho ccrebclluui. 
It has been pointed out that thcro appears to be no relationship 
between the seventy of tho cortical degeneration and the degree of 
infiltration of the overljing leptomeninges. Spirochaetes are de- 
monstrable in tho cortex in some 50 jwr cent of cases, especially in the 
frontal region, and have sometimes been found within ganglion cells. 
In tho ‘Lis«auer type’ of general paralysis, localized cortical atrophy, 
a ‘spongy state’ and patchy dcmj'clination of the white matter are 
found. The pathological changes of tabes may co-exist with general 
paralysis. 

Aortitis is almost invariably present. 

Symptoms. 
ifenlal Symptoms. 

The earhest symptoms are usually mental, and m the early stages 
they are frequently so slight as to be apparent only to those who 
know the patient well. It is impmtant, therefore, always to obtain 
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a history from a relative or fiicod. The earlitv*-l mental change is 
usually an impairment of intellectual eflicicncy. The patient is 
unable to do his work as well aa fomtcrly. Ho loscs the power to 
concentrate, and his memory becomes untrustworthy. His buancj»s 
inefficiency, however, is apparent to others, but not to himself, 
though exceptionally anxiety may be prominent and together with 
the other symptoms described may lead to a mistaken diagnosis 
of neurosis. As the condition progresses the patient’s behaviour 
liccomes more abnormal, and he is apt to bccoma careless aiiout 
bis dress and personal appearance and about money, as a result 
of which he maj’ throw larg^sums away in extravagance or in 
ill-]udgc4l speculations. Afboholic excess and sexual aljcrrutions 
arc common at this stage. Tlic lomiuoncst early mental changes 
are thus s^-mploms of dementia (see also p. i>00), and this form 
of the disorder is sometimes dcserilx^ as the ‘simple dementing 
tj-po’. 

The form taken by the mental disorder, howeter, doubtless de- 
pends upon tho patient's mental constitution, oml thus other clinical 
pictures arc not uncommon. Tlicgrandii^ forui, though fre^iucntly 
regarded as topical, is less common than »impIo dementia. Patients 
of this tipo are euphoric and derolop delusions in which they figure 
as exceptional persons endowed with superhuman strength, immense 
wealth, or other magnificent attributes. They readily act on these 
delusions and may order largo quantities of goods or tvnto Uieir 
phj'sician a cheque for a million i>outids, and they see no discreiioncy 
between their imaginary attributes and (heir debilitated and unfor- 
tunate actual condition. Other emotional states may dominate the 
picture, leading to so-callcd depressed, agitated, nianJncal, and cir- 
cular types. Sometimes the condition eloccly resembles KorsaLow’s 
psychosis As the patient becomes worte, however, the symptoms 
of dementia become more prominent, and in the tcruiinol stage there 
is httle evidence of any mental activity, and the sufierer, bedridden, 
incontinent, and dirty, leads a vegetative cxiatenco. 

Speech exhibits a degradation parallel with that of other mental 
activities and suffers both m its receptive and cxptvuhe functions. 
Difficulty in naming objects is common. Echolaha may occur. 

Physical Syinplonia. 

Epileptiform attacks occur in approxunately CO per cent, of cases. 
They may take the form of localized convulsions, without la-J of 
consciousness ; generalized attadcs, in which consciousness is lost ; or 
petit mal, in which bnef impairment or lo»s of conscionsne-ss occurs 
vnthont a c-onvulsion. Status epilepticus sometimes occurs. 

Apoplectiform attacks, so-called ‘congestive attacks’, are not 
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uncommon and such an episode may bring the patient under observa- 
tion. The resulting symptoms, of whicli hemiplegia is the commonest, 
but ^vhich include aphasia, apraxia, and hemianopia, aro always 
transitory and the associated loss of consciousness is usually bnef. 
Recovery from an apoplcctifonu attack is often complete in a week 
or two. 

Although in most cases physical abnormahtics are present when 
the patient first comes under observation, it is important to recognize 
that they may be absent when mental changes aro conspicuous. The 
expression is often vacant or fatuously smihng, sometimes some- 
what mask-hke. The pupils are usually contracted and irregular and 
react sluggishly to light. Typical jVrgyll Robertson pupils are often 
found. Optic atrophy is not uncommon, but is rarely severe enougli 
to cause marked loss of visual acuity. 

Voluntary power becomes pr<^;ressively impaired, and weakness 
is usually associated with tremor^ which is most conspicuous ou 
voluntary movement and is best seen in the facial muscles, especially 
the lips and the tongue, and m the outstretched fingers. The slow 
slurred speocli is higiily characteristic In addition, inco-ordination 
usually develops during the later stages, rendering the gait unsteady 
and the movements of the upper hinbs ataxic 

Owing to bilateral degeneration of tlio pyramidal tracts, tlio tendon 
redexea are usually exaggerated, tho abdominal rcQexcs diminished 
or lost, and the plantar reflexes extensor. Tho association of tabes 
with general paralysis — so-called ‘tabo-paiesis’ — however, is not 
unconunon, aud in such cases the tendon reflexes ore lost. Except 
in tabo-parcsis, when tho sensory clianges characteristic of tabes are 
present, sensation is unimpaired in general paralysis, A loss of con- 
trol over tho sphincters is common at a comparatively early stage, 
but is then tho outcomo of tho mental detenoration and not of a 
ilisorder of innervation at lower levels. 

Syphilitic aortitis is common, butraiely causes symptoms. There 
is usually a progressive loss of body weight. 

The cerebrospinal Jluid exhibits characteristic changes of great 
diagnostic importance. Tho pressure is frequently’ somewhat in- 
creased. There is usually an excess of cells, which aro mononuclear, 
but the cell count rarely exceeds 100 per c.mm. Tho protein coiitcut 
is also increased and usually lies beUveen 0-05 and 0-10 per cent, 
^larked increase of globulin is found and tho globulin content of tho 
fluid may bo as high as onc-third of tho protein content (Hewitt). 
Lange’s colloidal gold curve is of tlio paretic type, e g. 5554311000 
or even 5555555444. Exceptionally, though tho curve remains of 
this type, precipitation is not quite complete and tho highest figure 
is 4. The colloidal benzoin test yields a positive result, precipitation 
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being complete in the first five tubes, sometimes even in all ten. 
The Wasaennann reaction is positive in' the ccrebro-spinal fluid in 
100 per cent, of cases, and in the blood in from 90 to 100 per cent. 

Diagnosis. 

The constancy of serological abnormalities in the blood and cere- 
bro-spinal fluid in general paralysis is of the utmost diagnostic 
importance, aa it frequently confimia a diagnosis which on clinical 
grounds alone might be doubtful. In all cases, therefore, in which 
general paralysis is a possibility these testa should be carried out. 

The mental symptoms in the early stage may dmulate neurosis 
or manic-depressive psychosis. Neither of these conditions, how- 
eier, is associated with signs of organic disease in the nervous 
system. 

General paralysis must be distuignlsbed from tbe presenile and 
senile dementias. In arteriosclerotic dementia the pupils may lie 
contracted and tremor and extensor plantar responses may bo 
present. In such caj^es tbe diagnosis can be mode only allcr an 
examination of the blood and cerabro-spinal fluid. 

Alcoholic dementia— ‘alcoholic pseudo-parcais’ — may cloaely 
simulate general paralysis and may bo distinguishable only by 
serological tests. 

It IS often difficult to distinguish from general paralysis meningo- 
vascular syphilis when this condition U associated with set ere mental 
changes, since the Wassermaun reaction may bo positive In both 
blood and cerebro-spinal fluid in both conditions. Mlien the colloidal 
gold curve in tbe fluid is of tbe lucUc typo this is s point in favour 
of mcningo-vasculai syphilis, but a parctio curve is not pathogno- 
monic of general paralysis. In some cases only the response to 
treatment will settle the question. An improvement in the state of 
the cercbro-^inal fluid after vigorous ontisyphilific treatment 
with drugs would indicate that the condition was meningo-vaacular, 
but in doubtful cases there should be no delay in treating tlio 
patient with malaria. 

Prognosis. 

Before the mtrodnetion of malarial treatment general par-ilysis 
was mvariably fatal, and it was exceptional for a patient to suiwive 
more than three 3 ears. Exceptionally the disease runs a rapid course 
and proves fatal within a jear. Bemissions, which, however, are 
only temporary, occur spontaneously in from 10 to 20 jier cent, of 
cases. Malarial treatment, tho results of which are discussed below, 
has considerably improved tbe outlook. Nevertheless, even by this 
and other pjTCxial methods less than half of all sufitrers can be 
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restored to normal mentality and tlie results are often disappointing. 
Tbo earlier tlio stage at w hich tho diagnosis la uiado and treatment is 
begun the better the outlook. 

Treatment. 

Malarial Therapy. 

Tho introduction of infection wiUi malaria by Wagner-Jauregg in 
1917 Mas a great advance in tho treatment of general paralysis; and 
although otlier infections <*ind t arious pyrexia-producing drugs have 
binco been employed, tho rcbults have not etjualled those obtained 
M-ith malaria, though equally good results have been claimed for 
pyrexia produced hy physical agents Tlio cause of tho beneficial 
action of malaria is still undecided. It lias been suggested that tho 
resulting pyrexia is the principal therapeutic factor, that autibodies 
to the malarial parasite are also cftcctive against tho spirocliaetes, and 
that an increased permeability of the capillaries permits antibodies 
already present in the blood to iwnctralo to tho spaces around tho 
nerve-cells and reach spirochactes nhich Mcro previously protected 
from their action. Histole^ioally, after treatment -Hith malaria 
spiroebaetes disappear from thebramand tho inllammatory exudate 
(Uminibhes. Some observers have described tbo development of 
miliary gummas, uhicli they interpret as indicating increased 
immunity. 

Methods of Inoculation. 

The parasite of benign tertian malaria {P. Wioa:) is usually cm- 
ploj’ed, and unless tlio sourco of infection is reliable, tho donor’s 
blood should first bo examined microscopically to exclude the risk 
of infection with tho malignant parasite (P. falciparxim) uhich is 
dangerous. Tho patient may bo inoculated by the bite of an infected 
mosquito, and such mosquitoes can bo obtained in England from the 
Ministry of Health. At ucnrological hospitals, however, there are 
usually sufficient patients under treatment to enable transmission to 
bo kept up from case to case, though this method is less satisfactory 
than direct mosquito inoculation. The donor’s blood is withdrawn 
from a vein at the elbow, preferably during tbo doebno of tho fever, 
from 1 to 5 c.c. being received into a syringe which contain a few 
drops of 5 per cent, sodium citrate solution to prevent clotting. If 
the donor and recipient nro in tho same building tho blood requires 
no further treatment, but should be injected without delay. Tho 
injection is usually made subcutaneously; but intramuscular, intra- 
cutaucous, and intravenous routes may be employed, the last-named 
yielding the shortest incubation period. 

When tho blood has to be sent a distance the malarial parasite 
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will live for twenty-four boors if the blood is cilratcd and kept at 
Ixxly temperature, or the blood may be cilratcd and the red cells 
washed by repeated c-entrifugalization with Ringer’s solution, and 
kept in a volume of Ringer’s solution equal to that of the original 
plasma, preferably at a low temperature, from 2* to 10’ C., the tcs-t- 
tube containing the blood being surroundc<l by ice. AllemaU%cly 
the blood may be dcfibiinated by shakmg it with gla.vs beads and 
then placed in another teat-tube which is similarly surrounded with 
ice 

Course of hiduetd Halaria. 

The incubation period is extremely variable, ranging from two or 
three days to se\cn weeks. Usually after subaitaneous injection 
It IS about ten days. The patient is allowed to })avc a number of 
rigors, usually ten, unle.ss it becomes ncce^sa^y to terminate the 
mfection earlier. Tlie infection U terminated by the administration 
of quinine. Ten groins of quinine bisulpbato may be giien in solU' 
tion or la cachets twice chilly for three dajs and once daily for a 
fortnight Shght jaundice is not uncommon durings.tbe malaria. 
Occasionally severe cardiac failure occurs. This requires ap])ro* 
pnate treatment and is an indication for terminating the mfbetiOR. 
Digitalis may begivenpropbylacticallyduring the treatment. Escep' 
tionally also maUna may lead to on exacerbation of the mental 
sjonptoms or to the deielopment of i>erere mental confusion, agita- 
tion, or, occasionally, acute manta Malarial Uienpy is unsuitable 
for very debilitated and foreenile patients and for those with marked 
car^o-\ ascfular disease. 

Hesulle of JJalarial TrtalmeiU. 

The treatment itself is not without ri^k, though, according to 
Weygandt, the immediate mortabty should not exceed 5 per cent. 
Many thousands of patients have now been treated and the results 
indicate that 20 to 30 per cent, recover sufficiently to follow an 
occupation. A similar proportiou improve considerably, but not 
sufficiently to return to work. Without malarial treatment only 
about 10 jier cent, hare remissions, which are almost invariably 
temporary. Meagher (1929) has compared two large groups of 
treated and untreated cases in English rocafal hospitals. Nearly 00 
per cent of those who did not reoeix e malarial treatment were deail 
within four years, and only 3-4 per cent, had been discharged, 
whereas of those thus treated only 34 per cent, xvere dead and 25'3 
per cent, had been discharged. The beat results were obtained with 
early cases, and Wagner-Jauregg claims that complete leniisaions 
could be obtained in all cases treated sufficiently early. 
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Patients ivith grandiose delusions appear to do best, iviiilo those 
ivitli marked depression and juvenile paretics do n orst. 

The full results of malarial treatment are not apparent for several 
months after its termination, and not uncommonly tlie patient’s 
mental state temporarily becomes worse. The principal change in 
favourable cases is in the mental state. Physical improvement is less 
conspicuous, though tlicro is usually again in weight, associated with 
an increase in voluntary power and diminution or disappearance of 
tremor. No change usually occurs in the reactions of the pupils or 
in the condition of other reflexes. Improvement frequently occurs 
m the condition of the ccrcbro'spinal fluid and, as Nicole and Fitz> 
gerald (1031) have shown, the full extent of the serological im- 
provement cannot bo estimated for several 5 'ear 8 There is usually 
a marked reduction in tlic pleocytosis in the fluid and in its globulin 
content. The paretic colloidal gold curve shows a tendency to become 
more normal, the degree of precipitation in lower dilutions becoining 
less. The AVasserraann reaction becomes less strongly positive and 
may even become negative. In Nicole and Fitzgerald’s series before 
treatment the Wassennann reaction was positive in the fluid in 
100 per cent, of cases and in the blood In 89 per cent. After treat- 
ment it was positive in the fluid in CG-7 per cent, and in the blood 
m 70 per cent. 

Ollier Methods of Treatment. 

Besides malaria, other pyrexia-producing agents have been used 
in the treatment of general paralysis, including electro-pjTcxia, the 
Kettering hyiwrtherm, the intravenous injection of typhoid or B. 
Coli vaccine, and tiic intramuscular inj'ection of sulphur. Sulphur 
is employed as a 1 per cent, suspension in olive oil. Graduated doses, 
beginning with I c c. and mcrcasing by J c.c., arc injected intra- 
muscularly on the outer side of the thigh on alternate days until a 
dose of 10 c.c. IS reached. The resulting rise of tcm^ieratiiro takes 
from eight to tw elve hours to develop, and there is usually consider- 
able pain at tlio site of the injection. It is claimed that diathermy 
and liyperthcrmy yield results as good as, if not better tlian, malaria, 
but they need considerably more supervision. Tryparsainido given 
intravenously in weekly doses of 2 gm. is claimed to give better 
results in general {xiralysis than other arsenical preparations, and 
some authorities recommend a course of tryparsainido before 
malarial infection. A course of trypaisamido is frequently given after 
the termination of the malaria, when it is possible that the cerebral 
capillaries are less impermeable than normally to the drug, which 
also assists in the destruction of the malarial parasite. Some workers, 
however, belic\o that it may dimmish the good effects of malaria. 
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Karly cases of general {taralyaU, especially those cJiaraeterizwl by 
simple ileinentia, can usHally bo treated at hoiup, if suilablo nursing 
IS available, or in u nursing home. Those with more sovero mental 
symptoms ^^lU re<iuiro to bo treated in a mental hospital. Ailequato 
medical Bujicrvisioii is necessary for a long time in thaso wlio do , 
well, and ^mtienta who return to {Ktsitions of responsibility' must bo‘ 
carefully watched, and the cerebro.s[iinaI Iluid einmincd annually 
for evidence of deterioration. A relapse may be treated by a second 
infection with malaria, but the results arc usually' nut ns gooil os 
after tbo first treatment. 

Taons DoiiSALiit 

Synoiii/ni: Locomotor ataxia. 

Aetiology. 

Tabes wa.H lint recognized ms a clinical entity' by* Uotnbirg and 
Duchcniie. Its a.ssociatiou with syphilU was first stLstweted by' 
Fournier, and w a.s eat ablidiid by the iiiirodiit tiuii of the ^ViiMernwimi 
reaction and by the dUcos cry' of spircKlmetes in the brain and tiphinl 
cord of aflectod indivi<liiaU by Noguchi and by ilarmesto and Jlinea. 
Tabes, like general paralysis, diOers from meuingo-vascuUr syphilis 
in respect of the systcmalizeil character of the spinal lesions and in 
the less batisfuctory rcsiionso of advanced eases to treatment. The 
various theories which have been brought forward to ezxilain this 
diffcrcnoo are discussed in connexion with general iianilysU.' 

As m tiio COSO of general jianilysis. it u nut uncommon to find 
that tabetic patients deny having had a primary cJumcro and Uie 
secondary manifestations of syphilis. These iiidic.ationa of infection 
may, therefore, bo absent or so slight aa to ibuia unnoticed. Tabc.<i 
alTccta males much more frequently than fcnmlcs, and is iho dis- 
order present in 3 out of 12 eases of Qouro.syphi]is. Although 
trauma has sometimes Ijccii blamed fur precipitating tho onset of 
symptoms, it is unbkcly that it lavs this effect, but the ikitient 
m whom tabes is nl^■.^dy developing may be able to coiupeiiiHite 
for his ataxia until ho is confined to bed by im injury, when lie 
temporarily loses this power, as a result of whicli iiuo-urdination 
is conspicuous when ho gets up. Tabetic syuqitonis usually npi>car 
between eight and twcho years after infection. E.tccpti<)tully they 
may develop within three yaars, or their onset may bo delayed imtil 
after twenty years or even longer. Tho ago of onset usually lies be- 
tween 35 and 50 ycara. 

Pathology. 

Macroscopically there is evidence of atrophy of tho posterior spinal 
roots, esjKcially of tho^e in tho loner thoracic and Imnbo-hacral 
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regions. The dorsal columns of the spinal cord are flat or even 
sunken; hence the name tabes dorsalis or dorsal wasting. On 
section of the cord the posterior columns appear grey and trans- 
lucent, in contrast to the normal appearance of the rest of the white 
matter. 

ilicroseopically the essential lesion is a degeneration of the 
exogenous fibres of tlio cord, that is, of the central processes of 



Fio. 43. Tabes dorsslia. Soctioa of spiaal cord. 


the posterior root ganglion cells, which themselves are usually little 
affected. Since the only exogenous fibres which possess a long course 
w ithin tiio cord are situated in the posterior columns, these exhibit a 
selective degeneration and their dcmyehiiationis conspicuous, stained 
by stains for mj elin (Fig. 43). The endogenous fibres in the cornu- 
commissural zone, the region of the posterior columns lying just 
posterior to the grey commissure, usually escape. The incoming 
fibres earliest affected are tliose which in the thoracic region con- 
stitute the middle-root zone of ^ho posterior columns or the bande- 
lette of Pierret. Since the lower thoracic and lumbo-sacral roots are 
first attacked and their fibres entering the posterior columns sliift 
towards the middle fine os they ascend the cord, the column of Goll 
suffers earlier than the column of Burdach in the cervical region. 
The latter, however, is affected later. There is secondary neuroglial 
proliferation in the posterior columns and the overljung pia mater 
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13 somewhat thickened. Exceptionally, dc^ncration of anterior horn 
cells may occur in certain segments, in which caoO there is atrophy 
of the fibres of the corresponding anterior roots. 

Many theories have been proposed in explanation of the selective 
character of the degenerative lesions of tabes in the spinal cord. The 
view of the older pathologists, and that adopted by Spielmeycr to- 
day, 13 that tabes is due to a primary degeneration of the exogenous 
fibres within the cord. Obersteiner and Redlicli believe that de- 
generation is due to compression of the posterior root fibres by 
meningeal constriction at a joint at which they pass through tlio 
pia mater Hassin considers that proliferatioti of the arachnoid leads 
to the retention of lymph within the tissue spaces of the cord. 
Nageotte and Richter believe that the essential lesion is sv'philitic 
inflammation of the radicular nerve, w hile Orr and Roivs incriminate 
action of syphilitic toxins upon the posterior roots. No salisfactojy 
explanation has been given as to why a primaiy* degeneration of 
the exogenous fibres of the cord should occur, and theories which 
place the lesion in the radicular nerve fail to explain the escape of 
the motor fibres. On the whole, Oberstciner and Rcdlich's theory 
appears the most plausible. 

Optic atrophy is common and occurs in two forms, the degenera- 
tion of the nerro fibres being either primary’ or secondary to sj'pliilitic 
mflammation of the interstitial tissues. The Arg>'U Robertson pupil 
has been variously explained. The loss of the pupUlarj’ reaction to 
light has been plausibly ascribed by Wilson to interruption of the 
reflex arc by ayphihtic toxins in the neighbourhoodoffheupper ]>art 
of the aqu^uct of Sylvius, and be attributes the contraction of the 
pupils to damage to the descending ocuio-simpathctic pupillo-diJator 
fibres m the same region. Sensory fibres of the cranial nerves, 
especially the trigeminal and gloseophaiyngcal, like those of the 
posterior roots, maj* exhibit degeneration as they approach the 
brain-stem, and degenerative changes have also bMn described in 
the afferent fibres of the sympathetic. The jjathological clianges 
of meningo-vascular syjdiilis arc not uncommonly associated with 
tabes, and those of general paralyris may bo found. ' ^ 

Tabes is the most frequent cause of arthropathy — Charcot's 
joints According to 3Ioritz, the earliest change in the joint is a 
hj-perplasia of the cartilage. loiter, destruction of the cartilage 
and erosion of fie eprpA^'se# occtrr and are often associated with 
the development of osteopb^lic outgrowtlis. There is an increase 
in the volume of the sj-noviol fluid, and subluxation of an affected 
joint is not uncommon. Trauma fiiequently plays a part in the pro- 
duction of arthrojjathy. Syjihilitic aortitis is a common complication 
of tabes 
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Symptoms. 

The principal syniptoiiia of fabcs arc readily iatcrpretcd as a result 
of the degcntration of the nlfcrcDt fibres of the posterior roots. Pains 
and jwracathesiao are attributable to an irritable state of the de- 
generating sensory fibres Sciibory loss, i o analgesia and impairment 
of i>ostural sensibility and apjircciation of vibration, are duo to 
inlcrniption of the corresjKrtiding sensory fibres. Ataxia is due in 
part to impairment of appreciation of {losturo and jiassive move- 
ment, in jurt to interruption of aflerent fibres convejing impulses 
coiifcmed in co-ordination uliicli do not reach con8ciousne.s3. 
Diminution and loss of the tendon reflexes arc duo to interruption 
of their reflex ares on the aflerent side Impotence and sphincter 
ilisturbancca are the result of a similar loss of afferent impulses 
concerned in sexual fuiictioii and in the evacuation of the bladder 
and rectum. 

-1/ode of On-set. 

Tho onset of tabes U usually grailual ami insidious, but oxcep- 
tioniilly it is rapid and tho patient may become grossly ataxio within 
tlitco months. Usually sensory Hymptoins, especially pain, precede 
ataxia for months or ycdrs, but ataxia may develop early, and a 
distinction between prc-ataxio and nta.xio stages, though useful, is 
not unisersally applicable Frequently the early sensory synnptoms 
are so slight that the patient does not come for treatment until a 
more serious symptom develops Hence tho symptom which brings 
him to tho doctor may bo ataxia, vomiting, impotcuce, disorder of 
inictuntion, failing vision, diplopia, or even arthropathy. 

Senwnj Symptoms. 

Paul Ls the most characteristic early symptom and usually takes 
tho form of so-oallcd ‘lightning pains'. The&e pains, which are 
stabbing in character, occur in brief paroxysms in tlie lower limbs 
and may be very severe. As a rule they do not radiate longitudmally 
along the limb, but arc localized to one spot, where the patient 
cxjKrriences a sensation as though a sharp object were being driven 
into the limb. Each attack lasts only a few seconds, but attacks 
may rcctu' repeatedly in the same place, or may shift from place to 
place in the limb. A fresh attack of lightning pains may be pre- 
cipitated by a change in thowcatlier. They are usually worse w hen 
the patient is constipated. A pyogenic infection, such aa an alveolar 
abscess, may lead to a severe exacerbation. It is not uncommon to 
find vaso-diJatation of tho skin in the region to which the pains are 
referred, and in severe cases ecchyinosis may occur. Similar severe 
paroxysmal pains may occur in the upper limbs or m the distribution 
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of the trigeminal nerve. Other forms of pain may bo cxi^ricnced, 
such as burning or tearing pains in tho feet, pain in the distnbiition 
of the sciatic nerve, resembling sdatic neuritis, anil a constricting 
pain around the chest or abdomen — ^“root pains’. 

Paraesthcsiae are not uncommon, especially in the loMcr limbs. 
The patient may complain that the feet feel numb or cold, and a 
sensation as of iialking on wool is a common coniiilaint. The skin 
of the trunk and lower limbs is frequently hypersensitive to touch 
and to heat and cold. The patient may bo aware that certain parts 
of the bod}* are anaesthetic. Thus bo may bo unable to feci tho chair 
upon uhich be sits, and be may notice that ho is unauure nhen his 
bladder is full and that he is unconscious of the act of dcfaccatloii. 
Giddiness may occur as a result of impairment of postural sensibility 
in the lower limbs. 

Oijtctue Sensory Changes. 

The forma of sensibtifty which are first iraiwircii aro usually those 
which are mediated by tho posterior columns. In ]>artii-ular, appre* 
elation of vibration suiTers early and usually before recognition of 
poaturc and passive movement. As a rule tbc-so forms of sensibility 
are affected in the low er limbs before the upper, though exceptionaUy 
tho upper lunbs euifer first — so-called ‘cervical tabes’. 

Painful sensibility is also early impaired, tho deep tissues becoming 
loseositive to pain before the skin. Forcible compression of the 
muscles and of the tendo Achillis ev'okes no pain, and painful sensi* 
hdity IS frequently lost in the testicles. Cutaneous painful sensibility 
18 not uniforinly impaired, but is usually first lo»vt in certain situa- 
tions, namely, the side of the nose, the ulnar border of the arm and 
foreann, the region of the trunk between tho nipples and tho costal 
margin, the outer bonier of the leg and ilorsuoi and sole of tho foot, 
and the region surrounclmg tho anus. In these regions, eveu when 
pm-prick is appreciated as painful, there is often a long delay, which 
may reach several seconds, between the application of the stimulus 
and its perception. Cutaneous sensibility to light touch, heat, and 
cold is usually unimpaired until a bte stage, but finaUy there may 
be a diffuse loss of all forms of sensibility, extending over tho if bole 
of the body. 

Ataxia. 

Ataxia is due partly to lies of postural sensibility and p.irtly to 
loss of ‘unconscious 'afferent impulses concerned in tho regulation of 
posture and movement. The importance of tho latter factor is well 
seen in patients who exhibit considerable ataxia of the lower limbs 
without detectable impairment of postural sensibility or of apprecia- 
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tion of passive movement. Ataxia usually begins in the lo^er limbs 
and at first is evident only as sbgbt unsteadiness in n alking and turn- 
ing. Since the patient is able to some extent to couipensate by means 
of vision for the deficit of afierent impulses from his lower limbs, his 
ataxia becomes worse in the dark or when be close's his eyes, whence 
arises the characteristic symptom of falling into tho basin, when the 
eyes are closed in ^vashing the face. As the ataxia increases, move- 
ments of the lower limbs becomo increasingly incoordinate. The 
patient walks with a nddo base, the feet are lifted too high and 
brought down to the ground too violently. Walking becomes im- 
possible without a stick, and finally he can only ualk if he is sup- 
ported on both aides. The ataxia is equaUy evident when the patient 
is lying in bed and can be elicited by baking him to place one heel 
upon the opposite knee. Voluntary movement of the lower limbs 
against resistance is jerky and Irregular, and when the patient is 
lying at rest irregular, jerky, Involuntary movements can often be 
observed, especially in the feet and toes. 

In the early stages ataxia of the lower limbs is best demonstrated 
by asking the patient to stand with the toes and heels together and 
the eyes closed, and watching whether ho sways — Romberg’s test — 
or by asking him to walk along a line placing one heel in front of 
the opposite toe. 

In severe oases the trunk muscles also become ataxic and tiie 
patient may then be unable to sit up in bed without support Ataxia 
of the upper limbs is mamfest in tho clumsiness with which fine 
movements of the fingers are performed and in special tests, such 
as the finger-noso test. The defective maintenance of jwsture may 
often be demonstrated in tho outstretched fingers by asking the 
patient to close his eyes. When the posture of the fingers is no 
longer controlled by vision they slowly dremp, and irregular, so-called 
‘piano-playing’ movements may occur. 

iliLscle Tone 

Deficiency of the afferent impulses from the muscles upon which 
muscle tone depends leads to muscular hypotonia, as a result of 
which exaggerated passive movements of the joints become possible, 
for example, an extreme degree of flexion of the liip with the knee 
extended. 

The Reflexes of the Limbs and Trunk. 

Degeneration of the afferent fibres concerned in tbo tendon reflexes 
leads to their diminution and ultimately to their disappearance. The 
ankle-jerks are thus affected before the knee-jerks, and it is not 
uncommon to find tho reflexes unequal ou the tw o sides. The tendon- 
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jerks of the upper limbs are tisually diminished at an early stage, 
but are finally lost only after thoac of the lower limbs have dLs- 
appeared. The plantar reflexes usually remain elicitable and arc 
flexor, except in those rare cases in which pyramidal degeneration 
IS present, when they are extensor. The abdominal reflexes arc aLo 
obtainable and are fequently unusually brisk. 

SplixncltT Dislurbanccs. 

Disturbances in bladder control may occur early when the i^icral 
roots are earl}’ involred. When the lumbar roots suffer first, con- 
siderable ataxia of the lower limbs may {icccedc bladder sjTnptoms. 
The patient may complain dtber of ddHcuUy of micturition or of 
incontinence. Catheterization not uncommonly reveals the presence 
of several ounces of residual urine, and complete retention may occur. 
Infection of the urinary tract develops sooner or later iihen the 
bladder is incompletely emptied, and ascending pyelo-nephritis may 
prove fatal. Constipation is the rule, but facc.il incontinence may 
occur, especially uhen the patient is unconscious of the act ofde- 
laccation. Impotence U sometimes an early symptom ; in other eases 
it ia absent, although the patient is ataxic. 

Ocular Sxjmptotna. 

Pupillary abnormalities are present in a large proiiortion of 
patients when they come under observation and in more than flO per 
cent at some time in the course of the disease. The puiiils oro 
usually contracted and frequently irregular. Exceptionally they oro 
moderately or even widely dilated. Somewhat more frequently one ia 
moderately dilated and Uie other contracted. The pupiUarj' reaction 
to bght is at first impaired and later lost, wliilo that on accom- 
modation-convergence is retained. The completo Argyll Robertson 
pupil, however, is often a kte manifestation, and in the early stages 
it is commoner to find that (ho reaction of the pupil to light is 
present but reduced in amplitude, exhibits a latent iierioil which is 
longer than normal, and is ill-sustained. The liglit reflex is often 
brisker in one eye than in tho other, and the consensuol reaction 
may be brisker than the direct. The contracted pupil fails to dilate 
in res^xmse to a scratch upon the akin of the neck, and both the 
m)osi3 and tho loss of the ciliospinal reflex arc probably due to 
ilcgeneration of tho fibres of iho oculo-sj-mjiaUictic. A moderate 
degree of ptosis, probably aUo due to iicuIo-sjnnpatLclic paral^tis, 
is common, and tho compensatory actiou of tho frontalis muscle by 
wrintiing tho brow conlnbutes to tho characteristic facies. Diplopia 
L3 a common symptom and is usually duo to defective balance of the 
ocular muscles. In the early stages it ia transitory, but Utcr per- 
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mancnt paralysis of tiic third or dxth nerve may develop. A bizarre 
dissociation of ocular movement may occur if ono eye is allowed to 
fix an object w Idle the vision of the other is obscured. 

Optic atrophy ia of tlio ‘prima^’ variety. The optic disk is small 
and pale, tho physiological cup is preserved, and the lamina cribrosa 
is often visible. Tho fundal vessels are usually reduced in calibre. 
Optic atrophy in tabes may be slight and non-progressive, giving 
rise to no subjective impairment of visual acuity and being dis- 
(jovered only on routine examination. When, however, the jiatient 
complains of failmg vision tho atrophy is likely to bo progressive and 
to terminate in blindness. Usually visual acuity deteriorates first in 
the periphery of tho visual fields ; leas often there is a central scotoma 
It is an old observation that ivhcn optic atrophy develops early, 
ataxia of tho lower limbs docs not usually become severe, and tho 
development of the whole disorder is arrested. 

Other Cranial Nervea. 

Pain and analgesia in tito distribution of the trigeminal nerve 
have already been described. Loss of smell and taste occasionally 
occurs. Degeneration of tho eighth nerves may lead to deafness, 
and involvement of tho vestibular fibres may cause vertigo. Ex- 
ceptionally, degeneration of part of tho nucleus ambiguus causes 
bilateral paralysis of tho abductors of the larynx, and paralysis of 
tho spinal accessory and hy^ioglossal nerves is occasionally observed. 

Trophic Changes. 

Arthropathies — Charcot’s joints — aro not uncommon. Their com- 
plete aetiology is not understood, though symptoms not infrequently 
appear after an injury. Tho onset of fho joint change is frequently 
rapid, and there is considerable swelling, with increase in the synovial 
fluid. The skin may appear hot, but pain is almost invariably absent. 
Later, osteophytic outgrowths frequently develop around tho joint, 
which thus becomes much increased in size, and considerable dis- 
organization w ith subluxation may occur. Radiograms show as a rule 
marked erosion of the joint surfaces with formation of new bone at 
tho articular margins or from the adjacent part of the shaft {Fig. 44). 
The knee is most frequently affected, and after that the hip. The 
shoulder, tarsal joints, elbow, ankle, small joints of tbe Angers and 
toes and spine are involved in approximately this order of frequency. 
The long bones are brittle, and fractures may occur as a result of 
slight trauma. 

The commonest trophic change in the skin is the perforating ulcer, 
which is usually seen beneath the pad of the great too or at other 
pressure-points on the solo (Fig. 45). The first stage is an epithelial 
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thickening tescnibling a com, ami, citlicr spoutaneoubJy or a resii/t 
of attempts to cut it away, an indolent nicer dci clops. Sometimes a 
sinus extends deeply as far as the imdcr]>'ing bone, and considerable 
bony disorganization and deformity may result. Other trophic 
changes include the cutaneous ecchjmoscs already described, brittle- 
ness and falling out of the hair, and eren exceptionally of the teeth. 



Kta lUdiogr&tn of Lilalcral cliarrot m a tabetie paiiuit. 


Herpes zootce may occur, as in other lomlitions in which thero ii a 
Icsioa of the spinal posterior roots. 

TaUlle Crises. 

Parox) snial painful disorders of function of TariDus viscera occur 
in tabes and ha>o rccci\cd the name of crimes. Tho gastric CTkU is 
the commonest of tliceo disturbances. It u characterized by utt.iclvii 
of epigastric jiain associated with sec ere voimling, and may last from 
a few hours to several da>s. Laiyngcal crisei consist of attacks of 
djspnoca associated with cough and inspirator}* and expiratory 
stridor. Kcctal crises, characUrized by tcnesnius, and vesical crises, 
characterized by pain in the bladder or itcnis and stranguiy*, may 
also occur, and renal and other crUcs* ha\e been desmlx;*!. Tho 
common feature of most tabetic cn»ca appears to Iks increased 
motihty of a hollow \ iscus. which U probably the result of a disorder 
of autonomic ollcrcut impubes. 
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The CcTchro-spinal Fluid. 

Tlio pressure is frequently ftomculiat above noriiml. Titere is 
usually an excess of cells, Avhicb are mononuclear and do not often 
exceed 70 per c.nini. Tlio protein may bo normal or sligJitly in- 
creased. There is an excess of globulin in 90 per cent of eases. The 
colloidal gold curve is usually of tbo ‘luetic’ tyi) 0 . A ‘paretic’ cur\c, 



I’lO. 43. I’crforating ulccra of the left foot; Bears of former 
ulcers on tlie nght foot 


even in the absence of symptoms of general jiaralysis, should suggest 
the possibility of this coinplicatiou developing later The Wasscr- 
inaim reaction is positi\e in both blood anil ccrcbro-spmal fluid in 
63 i>cr cent, of ca.scs, iiosiliv© in the fluid alono in 10 per tent , in the 
blood alono in 5 jwr cent., and illative in both in 20 jicr cent. The 
reaction may be negative in the fluid in spite of an excess of cells, 
protein, and globulin, and a negatho reaction in both blood and fluid 
or indeed a completely normal fluid may bo fouml in a jiatient in 
whom the disease is progressive. 

Complicaliona, 

Symptoms of meningo-vascular syiihihs, including muscular u ast- 
ing, may coe.xist u itli those of tabes, though this is imusaal General 
paralysis may bo associated with tabes. A tabetic patient may, after 
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alap.«e of years, tlcTclop geacral paralysis, or tbo eymptoms of tabes 
n>ay bo present in an inilividual who comes under observation on 
accountofsiiDptomaofthisilfcordcr. .Ipartfrom general paralysis, 
psychotic teactiona, often with a paranoid trend, are not uncoutmon 
m long-standing eases of tabes. Syphilitic aortitis is not uncomitvon, 
but rarclj- gis es rise to symptoms. Cbroiiic gastric ulcer occurs more 
often than can he expired by cbanco and the symptoms may lie 
mistaken for gastric crises. 

Dia^osls. 

\n>cn the |>atient has reached the ataxic stage, diagnosis usually 
presents little ditliculty, for the characteristic physical signs are by 
then ncU developed and the matter is elinched by iniestigntion of 
the blood and ccrcbro spinal fluid. In dis^miiinterl sclerosis ataxia 
of the loner limbs U associated with s]ia&ticity, cxaggcratctl tendon 
reilcxcs, and extensor plantar respomsea. Friedreich's ataxia r«> 
ticmbles tabes in the association of ataxia of the loner limbs nith 
dimmution or loss of the ankle-jerks, but this (li->onlcr usually begins 
at an early age and is diflcientiatcd from tabes clinically by the 
pre^nee of nystagmus, dysarthria, extensor plantar rcs^’^oscs, 
scohosis, and [ics cams. PoUTieuiilU may simulate tabes n hen there 
U pronounced ataxia of the loner limlis. In aicchoh'c polyneuritis 
the pupillary' reactions may bo sluggish, the tendon reflexes are 
tlunuushcd or lo«t, the loivcr limbs an frr^ui-ntly ataxic, pains occur 
in the limbs, and there is an impainuent of jostura) sensibility. In 
this condition, houever, ncakn^ of the peripheral muscles of the 
hnibs is conspicuous and wrist- and foot-drop aro often present, and 
the deep tissues, csiiecially tlic tnu^clcs, arc tcmlcr on pres&uro and 
not, as in talxis, analgesic. 

W'hen ataxia is absent the protuineocc of some other symptom 
may leail to a mistake in diagnosis, for e.vamjik*, p.tins in the limbs 
may be atlnbutod to anhrilis, root pains in tlio trunk to leaiona of 
underlying viscera, gastric crLea to ulceration of the stomach, or 
duodenum, disturbances of the vesical sphincter to enlarged prostate 
or leptons of the blatlJcf, arthropathy to arthritis, facial jutin to 
trigeminal neuralgia, and optic atrojihy to toxic amblyopia. Tlic« 
mistakes can only bo avoided by iiybtcuuitic examination of the 
nervous system, special 8tre« being laid upon the pupillary reflexes 
and upon diminution, absence, or inequality of the tendon reflexes in 
the lower hmbs, especially the ankle-jerks. In doubtful eases the 
blood and cercbro-spinal fluid should bo examined. It niustolvisvs 
bo bonjo in mind that tabes may to-cxi»t witli other dwordm. Ail 
patients siwpecttd of gastric crisis should liavr a liarium meal, os 
the failure to diagnose a gastric ulcer in a tabetic may be far more 
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disastrous for tlio patient tlinu to mistake a gastric crisis for an 
organic lesion of tlio stomach. 

Prog;Dosis. 

^abes is extremely variable in its rate of progress and in tbo extent 
to Inch it responds to treatment. A rapidly progressive course with 
the development of ataxia in a few montlis is rare. Usually tbo 
iluration of the pro-ataxic slngo lies between tno and iivo years. In 
some eases ataxia never develops to a serious extent and one en- 
counters abortive forms with signs such as Arg;>ll Rolicrtson pupils 
and absent knee- and ankio-jerks, but no symptoms. Tlio rate at 
u hicli Ataxia is likely to increase can bo roughly assessed from the 
duration of the pro-ataxic slago. Tlio longer this is, the sloivcr is 
likely to be tbo subscitucnt progress of tbo disorder Tho response 
to treatment is equally variablo. Sometimes considemblo improvo- 
ment occurs and tlie disorder ap|>carH to lie arrested Other ])aticnt.s 
go downhill rapidly or slowly m spito of all treatment. Optic atrophy 
is not necessarily progressive, but when progressive invariably 
terminates in blindness. Gastric crises not infri^qiicntly respond 
satisfactorily to tho general treatment of tabes, and perforating ulcers 
which are not too for advanced con usually bo induced to heal. No 
improvement can bo expected in tbo bony cliangcs a&sociatcd with 
arthropathy. Improvement frequently occurs in spliinctcr control, 
and impotence, though often {icrmancnt, is not necessarily so, for 
sexual {lower may return after treatment. In fatal cases death usually 
occurs from infection of tho urinary tract, from syphilitic infection 
of tho heart and aorta, from su{)crvcnmg general paralysis, or from 
some intercurrent disease. 

Treatment. 

Gentrdl Trealment. 

Tho tabetic patient must lie enjoined to avoid excessive fatigue 
and indulgence in alcohol. Special attention should be paid to the 
care of the bowels on account of tbo liability of the tabetic to con- 
sUtiation, which intensihea the pains. 

Vigorous antisyphilitio treatment must bo carried out along the 
lines indicated for mcningo-vascular By*pbili3. Tho intrathecal injec- 
tion of salvarsanizcd scrum, the Snift-EIlis treatment, is of value in 
intractable eases. Tlio patient receives a dose of on arsenical com- 
pound intrai enously and ono hour later 50 o.c. of blood are with- 
drawn with aseptic precautions. Tho blood is allowed to clot and, 
after centrifuging for 30 minutes, tbo clear supernatant serum is 
pipetted off and diluted with an equal volume of sterile normal 
saline. About 40 c.c. of the diluted scrum is injected either into the 
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cistema magna or into the lumbar subaraclmoid space. Malaria, 
employed as in the treatment of general paralysis, is a valuable 
adjunct to treatment in suitable cases. It should be reserved for 
patients in whom the course of the disorder is rapidly progreashe 
in spite of the usual antisyphilitio treatment and for those in nhoin 
particular symptorns, such as severe pains, jirove otbera'iso intract- 
able. It sometimes gives brilliant results. One of my patients, who 
became grossly ataxic in a few months, could only walk when sup- 
ported on both sides and showed no response to antisyphilitic treat- 
ment w ith drugs, so far recovered after malaria as to be able to return 
to his work, walking with a stick, an uuprovement which has been 
mamtamed for nine jeara. Malaria may bo uscil in an attempt to 
avert blindness from optic atrophy, but 1 have never known it 
successful. 

Treatment 0 / Special Symjftoms. 

Pain. Tabetic pains are usually nmeUoratcd by the coal-tar anal- 
gesics. \Vben they are severe, however, they con only be reh’e\ed 
by morphine, which is debarred on account of the risk of Addiction. 
They can sometimc-s be checked by the intravenous injection of 
hypertonic sahne solution, for example, 70 c c. of IJ per cent, 
sodium chloride, and this can be rejieated as required. Induced 
pyrexia is also valuable in some cases, tj'phoid vaccine being injected 
intravenously, suspended in a solution of novarscnoblllon ; see p. 401 . 
When this fails, rehef may be obtained from X-ray irradiation of the 
spinal cord and posterior roots or ftom cbordotumy. 

Ataxia. Co-ordination of the limbs may bo improved by suitable 
re-educational exercises on the lines of those first suggested by 
Fraenkel. 

Tlic Bladder. Precipitancy of micturition may be rcllmed by - 
belladonna in doses of H minims of the tincture or } grain of the 
dry extract three times a day. Catheterization should always be 
carried out to determine whether there is any residual urine. When 
this is jireseut the unne should bo kept acid by means of suitable 
doses of sodium acid phosphate. Uexamiuo is frequently irritating 
and is unnecessary. If residual urine regularly amounts to more 
than two or three ounces, daily catheterization should bo earned out 
in the hope that evacuation of the bladder may become luoro com- 
plete. The risks that infection of the bladder will follow repeated 
cathetenzation must, howeier, always be weighed agamst the dis- 
advantages of residual urine. Infectiou of the urinaiy' tract will 
requue appropriate treatment. 

Crises. Patients subject to gastric crises should take a bland, non- 
imtatmg diet, together with bismuth and alkalies. A crisis c-m 
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frc(juently be cut short by the subcutaneous injection of 10 minims 
of I in 1,000 adrenalin. If this fails, morphine and atropine may 
be tried. Li severe cases benefit has followed section of the lower 
thoracic spinal posterior roots, ajid the corresponding sympathetic 
rami, though the results of this operation are uncertain. 

Rectal crises can often he prevented by adequate care of the 
bowels. When they occur they should treated by a sahne enema, 
followed by a suppository containuig 2 grains of cliloretono. 

Laryngeal crises are best treated by the inhalation of amyl nitrite 
or of a little clilorofonn, or by sprayuig the larynx with a 1 per cent, 
solution of cocaine. 

Perforating Ulc^r. Tabetic jiaticnts should wear well-fitting boots 
and should bo warned agamst cutting their corns, on account of the 
risk that a perforating ulcer may follow a slight injury. Wien an 
ulcer has developed, the foot must be rested, and tbo thickened 
epidermis should bo softened by rc|>cated hot fomentations and 
carefully pared aw ay w ilh a shaqi razor 

Arthropathy The object of treatment is to reheve tho strain on 
the damaged joint. The kneo and anklo should bo supported by 
a leather corset strengthened with steel When tlie hip is atTocted a 
Thomas walking caliper wUI be required. Spinal arthropathy neces- 
sitates a leather corset or spinal brace. When there is much fiuid 
m the joint this may be osjiu-ated Excision of an nrthropathio joint 
should not be attempted, since, on account of tho cxistmg trophic 
disorder, the result is likely to be unsatisfactory. 

CoNGENlT.VL NeUROSYPIULIS 

Activ e neurosypliilis occurs in from 8 to 10 per cent, of congenitally 
sj'phihtio childrei), males being aOcctcd slightly more often than 
females (Jeans and Cooke). Neither in its jiathological nor in its 
clinical features does congenital ncurosyphihs differ in any essential 
respects from the acquired form. Both mcningo-vascular and 
parenchymatous ncurosypbilis occur. Tho intra-uterine infection 
of tho nervous system with the spirochaete may lead to actual 
develojimcntal arrest so that the oerebral hemispheres are un- 
usually small. Gross disapjicarauco of Purkinje cells with gliosis 
of the cerebellar cortex is rather ciuuactcrlstio of juveiiilo general 
paralysis. 

Symptoms. 

The mennigo-vascular form is much commoner tJian the paren- 
chymatous. Both mental deficiency and convulsions are common. 
Slight hydrocephalus is not rare, but tho head docs not attain the 
large size seen in idiopathic congenital hyxlrooephalus. Syphilitic 
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hydrocephalus appears always to be of the communicating type. 
Pupillarj’ abnormalities are the most liequent disorders found nithin 
the region of the cranial nenres. The pupils are often irregular and 
unequal and the reaction to light is sluggish or absent. Optic atrophy 
IS not imcommon and may arise in screral ways. It may be secondary 
to choroido-retimtis or the result of involvement of the optic neiwes 
or chiasma in basal syphihtic tueningitis, or a degenerative process 
associated with congenital general paralysis or tabes. Facial weak- 
ness is frequently seen. BeaCoess, a common manifestation of 
congemtal sj’philis, is due in most cases to a lesion within the 
temporal bone and not to involvement of the eighth nerve in its 
intracranial course. Destruction of the pyramidal fibres may lead 
to diplegia or hemiplegia. Moderate degrees of infantilism ore not 
uncommon. I have seen extreme infantilism of the Lorain type 
associated with optic atrophy as a result of basal meningitis in 
congemtal syphilis. Narcolepsy and diabetes insipidus ato rare 
manifestations. 

Parenchymatous neurosyphilis is rare. Stewart estimates that 
general paralysis occurs in 1 per cent, of congenital syphilitics. The 
child may be mentally defective from birth but 83 Tnptoro 8 usually 
develop during the fii^t half of the second decade of lifo. The symp- 
toms are similar to those of the acquired form, though the mental 
symptoms are usually leas fiorid and arc those of acquired mental 
deficiency. Grandiose delusions, if present) are puerile in type ; for 
example, a boy stated that he owned all the sweet shops in the 
country. The course of the disorder is somewhat slower than in the 
adult, and the patient may live for ten or more years. 

Congemtal tabes usually develops somewhat later in life than 
congenital general paralysis, and may not make its appearance until 
early adult life. Optic atrophy is common in both, and in both the 
pupils are often widely dilated and fixed. 

The Wassermann reaction of the blood is usually positive when 
congemtal neurosyphilis is progressive, but it may bo negative in 
latent or arrested cases. The cercbro-spinal fiuid usually shows the 
changes a^ociated with the same forms of the acquired disorder, 
but in some cases of congenital meningo- vascular syphilis the Was- 
sermann reaction may be negative m the cerebro-spinal fluid, although 
other changes, such as an increase in the globulin and a pleocvtosis, 
are present. 

Diagnosis. 

The diagnosis is usually easy, since other signs of congenital 
syphilis arc generally p^e^e^l, and is confirmed by the serological 
reactions of the child and its parents. 
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Prognosis. 

Tho response to treatment is disappointing in patients wlio come 
under observation on account of tlie presence of nervous symptoms, 
especially in congenital general paralysis and tabes. Hence it is 
important that the cerebro-spinal 0uid should bo eiamined in all 
congenitally syphilitic children at early age, in order that latent 
neurosyphijis may bo detected. 

Treatment. 

Treatment should he carried out on the same lines as for acquired 
syphilis. Intravenous injections are difficult in infants, and the 
injection of arsenical preparations into the superior longitudinal 
sinus should bo avoided as too risky. It is better to use sulfarscnol, 
uhich can be injected intramuscularly. Malaria should be used in 
tho treatment of congenital general paral^’sis, but permanent mental 
improvement is very rare. 
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CHAPTER X 

VIRUS INFECTIONS OF THE NERVOUS SYSTEM 
1. GENERAL CONSIDERATIONS 
The Nature of Viruses. 

/ The term ‘ncurotropic virus’ is used to describe minute filterable 
pathogenic agents which attack the nervous system. The first neuro- 
tropic virus, the causal organism of rabies, was discovered by Pasteur 
in 1884, and poliomyelitis w as shown to be due to a ncurotropic virus 
in 1909. During recent years tbe causal organisms of a number of 
other nervous diseases, both in man and in animals, have been found 
to be neurotropio viruses. These include in man threo varieties of 
encephalitis, the Japanese typo B, the St. Louis type, and the type 
known as Australian X disease, and acute lymphocytic chorio- 
meningitis Two other diseases, encephalitis lethnrgica and herpes 
zoster, though they Iiavo never been transmitted to ammals are 
regarded as almost certainly duo to ncurotropic viniscs. 

Tho links between human and animal disease are nowhere closer 
than in the realm of the neurotropic viruses Rabies is always ac- 
quired by man from on infected ammal. Acute lymphocytic chorio- 
meningitis is endemic among mice, which may be the source of 
human infection. Another neurotropic virus loiown as B virus, 
transmitted to man from moukeys, has caused two fatal cases of 
acute ascending myelitis. Viruses among ammals are responsible for 
Boriia disease of horses, dog distemper, fox encephalitis, equine ence- 
phalo-myelitis, and loupiiig-dl of sheep. Recently liuman cases of 
acute cncephalo-myelitis have been shown to be caused by the virus 
of equine encepiialo-myehtis, which is known to be spread by 
mosquitoes. Louping-ill has caused several laboratory infections in 
man and it has been suggested tliat this virus may be the cause of 
tlie human encephalitis known as Australian X disease. 

The neurotropio viruses possess a number of charactenstics in 
common. They are invisible and usually pass through filter candles. 
They require special media for artificial cultivation, but survive for 
long periods in glycerol and in the dry state. They are destroyed by 
heat at relatively low temperatures, but they are resistant to cold 
They are more susceptible to oxidizing agents, such as hjdrogcn 
peroxide and potassium permanganate than to ordinary disinfec- 
tants. The blood scrum of tho «>nvalescent organism possesses the 
power of neutralizing a certain amount of the virus, but each virus 
is a specific antigen and no cross immunity exists between them. 

Pathological Changes in the Nervous System. Tlio viruses appear 
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to bo obligatory intra-cellukr parasites. They damage the nervous 
system, therefore, by directly attackii^ the ganglion colb. In xcry 
acute lesions there is necrosis of these celb. IVhen the process is less 
acute, difiuse and focal microglial proliferation occurs and in some 
diseases inclusion bodies are found in the nen’e celb. In many cases 
mesodermal changes such as pciivascolar cuffing and meningeal 
mhltration are a reaction to tbe iedammation, but some viruses 
invade both glial and mesodermal elements. Tlie affinity of the \ 
neurotropio viruses b for the grey matter of the nervous sj^tem, 
hence they have been called potioclastic. There b no evidence that 
any of the primarily dcmyelinatiDg diseases of the nervous system 
is directly due to a neurotropic virus. Hurst {1935, 1936) classifies 
the viruses which attack the nervous system in four groups. (1) The 
stricter neurotropcs which attack directly and destroy nerve celb 
but are without obvious direct action on other celb. (2) Tlie pan- 
tropic viruses type 1. IVhde definitely neurotropio these also directly 
attack and produce specific lesions in celb derived from all emliryonic 
layers. (3) The pantropic viruses type 2. These, although panlropic, 
possess cellular affinities which are more restricted than those of 
viruses of type 1 and outside the nervous sjsiem attack particnbrly 
the epithelial and blood vascular structures. (4) Tbe >-bcerotrop>e 
viruses Thes$ under natural conditions do not cause encephalitb 
and when inoculated directly into the brain cause primarily menin- 
geal lesions. These difiercoces arc important In relation to the mode 
of infection of the nervous system. In group 1 in which are placed 
poliomyelitb and rabies the virus introduced at a local site passes up 
tbe peripheral nerves to tbe nervous e^'stem and does not cause 
disease when mocubted into a denerrated area. These viruses arc 
rarely found in the blood or cerebro-spinal fluid. Viruses of groups 
2 and 3 may spread by the blood sUeam and then invade the nervous 
system by ascending the peripheral nerves. Transmission of neuro- 
tropic riruscs along the course of nerve fibres both within the 
peripheral ncri'es and within tbe central nervous system b ^cll 
established It is probable that they travel along the oxoncs. 
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2. EPIDEMIC ENCEPHALITIS LETHARGICA 

Sipionymsx Epidemic cnccpbalitb, type A; ‘sleepy sickness’. 

Definition'. An epidemic disease probabl}' duo to a neurolropic 
virus with an acute, subacuto or insidious onset and in most case^ a 
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chrome course, and characterized pathologically by inflammatory and 
degenerative changes, especially in tho grey matter of the mid-brain, 
and clinically in the acute stage by disturbance of the sleep rhythm, 
especially lethargy, and pupillary abnormalities, dnd in the chronic 
stage by the Parkinsonian syndiomo. 

Aetiology. 

Encephabtis lethat^ica was first described by von Economo in 
May 1917, and about the same time by Ctuchet, Moutier, and Cal- 
mette. It seems to have made its first appearance in 1915, though 
some authorities believe that epidemics of it can he recogmzed in 
medical history. Since 1915 widespread epidemics have occurred 
It aflccts the sexes equally and no age is exempt, though it is 
commonest in early adult life. Tlicrc is a seasonal incidence, most 
cases occurring as a rule in the first quarter of tlio year. Tho occur- 
rence of outbreaks in uistilntions and the occasional appearance of 
case-to-case infection indicate that tho disease » contagious, though 
only feebly so. There is no evidence for ita-transmlssion by non- 
human agencies. Numerous attempts by bacteriologists to isolate a 
causative organism have failed, but there is little doubt that it is due 
to a filterable virus. Outbreaks of epidemic hiccup have coincided 
with epidemics of cuccpiiabtis lethargica, and it is possible that both 
are due to the same organism. 

Pathology. 

The macroscopic changes in the nervous system ore slight, con- 
sisting, in the acute stage, of congestion, oedema, and sometimes 
petechialhaeniorrhagcs. Microscopically (Figs. 4G and 47) perivascular 
changes ore conspicuous in the early stages. Tiie smaller vessels are 
engorged and many exhibit pcnvoscularculls or sleeves of inflammatory 
cells, chiefly lymphocytes and plasma cells. In addition the nerve 
tissue IS dlQuscly infiltrated with mononuclear cells, and the ncrve-cells 
themselves show degenerative changes. In tho chronic stages tho 
mesodermal elements show little evidence of reaction, but degenera- 
tion of nerve-cells continues. In tbe acute stage the brunt of the 
infection falls upon the grey matter of tho upper part of tho mid- 
brain, tlie region of the oculomotor nuclei, and the substantia nigra. 
The basal ganglia and the pons and meduUa are affected next in 
frequency. No part of the nervous system is exempt, and the spinal 
cord may be diffusely affected. In the chronic stage also the degene- 
rative changes are diffuse. The substantia nigra usually suffers 
severely, but the grey matter of the cerebral cortex and basal gangha 
is also involved. Tho Parlunsonian syndrome, a common feature of 
chronic encephalitis lethargica, has been attributed to the destruction 
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of tlie cells of tlie substantia nigra, but in view of the widespread 
clianges elsewhere in such cases it is difficult to relate the Parkin- 
sonian syndrome to a lesion localized in one situation. 

Symptoms. 

The symptoms of encephalitis letliat^ca have changed remarkablj' 
in the twenty years during which it Itas been under obscr%'ation. 
When it first appeared it was an acute disease, often with a ful- 
minating onset. After several years the acute stage became Jess 
severe and the chronic stage more prominent. At the present day 
the acute stage is often so mild as to pass undetected, and may 
possibly sometimes bo absent altogctlier, and the disease is coming 
to be regarded as primarily a chronic one. It is convenient, therefore, 
to consider separately the symptoms of the acute and those of the 
chronic stages. 


SYMrroMS OF toe Acute St4Qe 

The onset may be sudden or gradual. In the earlier epidemics 
it was often fulminating and cliaracterizcd by headache, vertigo, 
delirium, convulsive and apoplectic phenomena, and severe pain m 
the trunk or limbs. To-day the onset is usually more gradual Tlie 
three most constant symptoms of the acute stage are headache, dis- 
turbance of sleep rhythm, and visual abnormalities, such as blurred 
vision or diplopia. The headache is usually not severe and may 
occasionally be accompanied by vomiting or by pain in the hack or 
limbs. The characteristic disturbance of sleep rhythm is lethargy by 
day with uisomma or restlessness at night. Tlie lethargy has been 
sufficiently constant, especially in the early cases, to contribute the 
epithet ‘lethargica’ to the name of the disease. Tho patient can 
always be roused except when Jcthaigy posses into coma. Neither 
lethargy by day nor insomnia by night is present in all cases. Either 
may dominate the picture throughout tho twenty-four hours. 
Delirium and fe>er occur only in the more severe cases. 

Visual disturbances are imiiortant on account of their frequency. 
Papilloedema and optic atrophy are very rare. Pupillary disturb- 
ances arc common. Tho pupils may be irregular and unequal. Tho 
reaction on accommodation is more often lost than that to liglit.. 
Tho Argyll Robertson pupil is rare. Rtosis is frequent hut usually 
slight. External ophthalmoplegia is common, and is probably often 
duo to neuritis of the oculomotor ner>-e-trunks. The sixth is most 
often affected. Nuclear and supranuclear ophthalmoplegias are less 
common, hut all forms of conjugate ocular palsy have been seen. 
The blurred vision of Mhich tho patient so often complains may bo 



432 VIRUS INFECrrONS OF IKE NERVOUS SYSTEJir . 
due to paresis of accommodation or to paresis of an external ocular 
muscle. Diplopia is frequent. 

Facial weakness is conmum and is almost alwaj’s transitory. 
Vertigo is also common and is probably duo to involvement of the 
vestibular tracts, the same lesion possibly causing the fine nystagmus 
which is often present. Bulbar symptoms are rare, and so too are ” 
aphasia and hemiplegia, though, slight pyramidal damage indicated 
by unilateral or bilateral extensor plantar responses without gross 
weakness is frequently encountered. 

Extrapyramidal disturbances so typical of the chronic stage may 
appear also in the acute. A Parkinsonian facies is often seen, but 
the muscles are usually hypotonic and rarely rigid. Rigidity, when 
present, is catatonic: true Parkinsonian rigidity is never present in 
the acute stage. Choreiform movements closely simulating Syden- 
ham’s chorea were not uncommon between 1916 and 1922, but now 
are hardly ever seen. The same is true of myoclonii muscular con- 
tractions, of which hiccup is perhaps a special form. These consist 
of shock-hke muscular twitches varying in frequency from S or 10 
to 80 contractions a minute and are especially common in the 
abdominal wall. They do not as a rule cause displacement of the 
limb segments. Sometimes muscles in lUifereDt parts of the body 
may exhibit a synchronous myoclonus. Myoclonus may be associated 
with severe pain in the affected muscles. Hiccup may occur.in the 
acute stage of encepliahtis, with or without myoclonus elsewhere. 
Static and intention tremor are sometimes seen. 

Spontaneoos pains in the trunk and limbs occurred especially 
during the early years. Sensory loss is very uncommon, but the 
thalamic syndrome, with over-reaction to painful stimuli on ono half 
of the body, has becu observed. 

The cerebellum and spinal cord aro rarely involved, (hough 
muscular wasting and the clinical picture of transverse mychtis 
have occasionally been encountered, and a polyneuritic form of the 
disease is described. 

The tendon reilexes are often duninished in the acute stage. 
Dimmution of the abdommal reflexes is usually associated with 
other signs of a pyramidal lesion. There is usually no sphincter 
disturbance unless tbo patient is comatose, when retention or incon- 
tinence of urine and faeces may occur. 

Signs of meningeal irritation, such as cervical rigidity and Kernig's 
sign, asc very i we. ia wanaUy ncm^ial, iivawgh 

a slight excess of cells, almost always lymphocytes, is not uu common. 
The protem and globulin are sometimes increased; the cliloridc con- 
tent of the fluid is normal. There is no constant abnormality of the 
colloidal gold curve. 
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After passing througli the acuto stage the disease may become 
arrested or persist as a ciuronic and slowly progressive disorder. 
Complete arrest is rare, but oven when it occurs the patient is likely 
to show some of the residual features about to bo described, though 
in a non-progressive form. The chronic progressive form of the 
disease may follow an acuto attack, or may develop insidiously, 
without being preceded by any recognizable acute symptoms. It 
was at first thought that the disabilities of function which followed 
encephalitis letbargica were not indications that the infection itself 
persisted. On pathological grounds it is now recognized as probable 
that in these cases the infection persists in a chronic form in some 
ways comparable with tlio tertiary stage of syphilis 

Symptoms of the CimoNic ST.iOB 

(1) Parl,hisonU7n. 

This is described in Chapter XII, pp. 511 and 517. 

(2) Disturbances. 

Lethargy or insomnia, or both, frequently outlast the acute attack, 
the form of disorder of sleep present in the acute attack usually 
^x^rsisting as a chronic ej'mptom. In a small proportion of cases 
insomnia may first appear in the chronic stage. Some children 
exhibit a remarkable inversion of the normal sleep rhy tlun Towards 
evening they become excited and restless and spend the night talking 
and playing, falliug asleep at danm, and sleeping during the day for* 
a normal number of hours. Narcolepsy b occasionally encountered 
as a sequel. 

(3) ilenial Symptoms. 

Though gross mental disturbances have been reported in only 27 
per cent, of cases, if less severe degrees of impairment of mental 
efiiciency were included this figure would be much higher. In adults, 
m milder cases, nervousness, fatiguabihty, inability to concentrate, 
anxiety, and depression may persist for long periods. In some severe 
cases depression may lead to suicidal tendencies. Maniacal outbursts 
may occur. The Parkinsonian patient frequently exhibits a striking 
emotional impoverishment, gradually losing hb fonnec interests and 
spending his time in a state of complete affective indifference. Com- 
pulsive ideas may occur in patients who also exhibit compulsive 
movements (tics). In childhood the mental changes which may 
follow encephalitis are oven mewe striking than in adults. Changes 
of emotional disposition are common in children, who may become 
restless and unstable and exhibit abnoiznalitics of behaviour rang- 
ing from more naughtiness to stealing, cruelty, acta of violence, and 
pf ' 
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offences, which may brijig them into tho hands of the police. 
Such children may be quite uncontrollable at homo. Depression 
and suicidal tendencies and maniacal outbursts, though lesis common 
than the disorders already described, occasionally occur in childhood. 
Reduction of intelligence is not conspicuous, though permanent 
mental defect occasionally foUou'aeneepbalitis lethargies, especially 
when the onset of the illness occurs during infanc}'. 

(4) Ocular Abnorvtahiita. 

Gross ocular abnomalities, such as nystagmus, squmt, and true 
diplopia, peish.t in only a small proportion of cases, but the patient 
often complains of dimness or mhitincss of vision, wliich may be due 
to defective muscle-balance or weakness of accommodation. These 
symptoms are usually associated with slight inequality of the pupOs 
and an impairment of pupillary reactions on accommodation, and 
less frequently to light. True Argyll Robertson pupil is occasionally- 
encountered, but this is rare. Slight ptosis on one or both sides is 
frequent. Persistent paralysis of conjugate ocular movement is tin* 
common, except that weakness of conjugate convergence is almost 
constantly present in encephalitic Parkinsonism and sometimes 
foUotrs encephalitis apart fri>m tho Parkinsoman syndrome. Oculo* 
gyral spasm, one of the most striking ocular sequels of encephalitis, 
is described in the section on Parkinsonism. 

( 3 ) Invcilunfa/y ^loieinenU. 

(i) Choreijorm moKemenU were at one time relatively common 
during the acute stage of the disease. They are rare during the 
cliromc stage, but are occasionally observed. 

(li) Brad’jkinciias. This term has been applied to slow, regular, 
rhythmical movements of large amplitude, involving the liuiba alone 
or tho hmbs and trunk. They are must frequently movements of 
torsion in the long axis, though these may he associated with move- 
ments of dexion or extension. In some instances these movements 
have been described as torsion spasm. 

(ui) J/yocfonic movtntenU. 31yoclonic movements were aho at 
one time common during the acute stage and may in such cases 
perwst, though u-sually in a less wvero form, for many montlis. 

(iv) Trtmor. Tho commonest form of tremor occurring in clironic 
cncephahtis is that associateil \ntli tho Parkinsonian syndrome and 
described elsewhere. Less frequently the p<iticnl may exhibit tremor 
which is absent when the limbs are at rest, but occurs on voluntary 
movement or on attempting to maintain a jixisture. Such tremors 
may be localized to one limb or widespread. 

(v) Tics. Repetitive movements resembling psychogenic tics are 



EPIDEMIC ENCEPHALITIS LETHAllGICA 43.) 
occasionally seen in eases of cbionio enccplialitis, and aro most 
common in association with disorders of respiration. Complex 
co-ordinated rhythmical movements, involving the jaiv, lips, tongue, 
and ]vilato, and also torticollis may occur 

(0) lieaptralonj Dhtiirbanrea. 

Respiratory disturbances occurring during the chronic stage of 
encephalitis consist of disorders of the respiratory rate and rhythm, 
anti respiratory tics. 

The rate is most frequently increased, and the depth of respiration 
may bo increased at the same time This tachypnoea may bo con- 
tinuous or iiaroxysmal The resulting iticr&iso in the ventilation of 
tho lungs may lead to tetany Slowing of the respiratory rate is 
much less frequent and is usually conijicnsatcd by considerable 
increase m depth of breathing 

Disorders of respiratory rhythm consist of sighing, apnocic iwuscs, 
Choyuo-Stokes respiration, alternations of deep and shallow breath- 
ing, and breath-holding spells. Chorco-athctoul movements of tho 
limbs and bizarre attitudes may accomjiany tbo last. Apnoca may 
bo suflicicntly severe to cause generalizcil convulsions Tlio same 
p.itient may alternate between hyperpnoca, leading to tetany, and 
apnooa, leading to epileptiform attaclu 

Respiratory tics iiicludo yawning, bnidlng, s}vismodio cough, and 
spitting. Some patients complain of abnormal sensations referred 
to tho respiratory tract, consbting of feelings of nasal or lar} ngoal 
obstruction or thoracic discomlbrt. 

(7) MciaboUe and £’ndocrin< Disorders. 

lilctabolic and endocrine dbonlcrs, probably duo to involvement 
of tho hypothalamus, aro rare Obesity, often associated with genital 
atrophy, is the commonest of these bcqucis. Polyuria associated with 
polydipsia may occur, though tho urinary output does not often 
much exceed 100 oz. a day. Symptoms of hyjierthyroidism witJi 
enlargement of the thyroid aro also occasionally encountered. Jloro 
frequently some of the former may bo present witliout tho latter, 
for example, exophthalmos, tachycardia, sweating, tremor, hyjier- 
glycaemia, and glycosuria Extreme cachexia is sometimes asso- 
ciated with the Parkinsonian syndrome. Excessive salivation and 
sebaceous secretion aro also met with in Parkinsonism. 

(8) Epiteplijorm Convulsions. 

Epileptiform convulsions may follow encephalitis Icthargica, as 
they may other infective conditions of tho nervous system, but it 
is probable that this occurs only in patients who suffer from a pre- 
disposition to epilepsy. , 
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of 25 per cent, solution being injected intramoscularly. Prolonged 
imniersioD in & hot bath is also of Taluc. 

liespiralory Disordtra. Respiratoiy disorders are dii&cult to in- 
fluence. Sedatives niav bo tried, and svben tetany occurs it is 
necessary to combat the underlying alkaiosis by means of ammonium 
chloride in 30-grain doses by tbo mouth cv ery four hours, 

2Ienial Disorders. The treatment of mental se<}UeU of encepbalitia 
in adults foUoH^ the usual lines. 31dd cases can be treated at 
borne or in hospitals, but more ser-ere cases retiuire certification. 
ChiJcIren suffering ftom mental abnormality following enceplialitis 
often require institutional treatment. Special arrangements for such 
children have been made in various parts of Great Britain, including' 
the Poi>t-cncephalitie Unit, Northern Hospital, L.C.C., ^V'inchmore 
Kill . Southmead Hospital, Bristol ; Swinlon House, 3Ianchester ; and 
the Darenth Colony’ of the L.C.C., Dartford. Those vrhose tlh-order 
takes the form mainly of criminal or immoral tendencies can now 
be dealt with as moral defectives under the .Mental Deficiency Act, 
1327, provided that the causative attack of encepbahtu occurrctl 
before the age of IS years. Horal defectives axe defined by this Act 
as 'pei^oa in nhose case there esbts mental defectiveness coupled 
with strongly vicious or criminal propenrities and who require care, 
supervision, and control for the protection of others*. lYeatmcnt of 
such children in tbeir own homes nece&dtates a regular lifo and 
sympathetic but firm handlmg, and should include training in handi- 
tfafts, physical exercises, and games. Sun baths and light baths 
are of value in improving both thepby.<!3caland themental condition. 
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3 EPIDEJIIC ENCEPHALITIS: JAPANESE TYPE B 
AND ST. LOUIS TYPE 

Df/tnilion: These two varictica of cphlcmic cnccphahtw, tlio ono 
occurring in Japan and Uio other in flic United States of America 
iiavebotli been shown toboduotoncurotropicMruscs. TiiCNO viruses 
are duitinct bccaiiso no crosa-humunity c.xu>ta between them, but the 
epidemiology and tho pathological and clinical features of the two 
diseases are so similar that they can conveniently bo considered 
together. 

Aetiology. 

Tho Jap.'ineso cnecplialitis tyjio B is caused by a virus winch was 
first transmitted to monkeys by ilayo&hl. Studies have been made 
by ICawaiiiiira and liis fellow workers who transmitted tho virus to 
mice and monkey s and prov ed that it n os hlterablo (Inada, 1037 a, 
1037 0). Tiieso w orkers also showed that it waslmuiunologically distinct 
from tiie virus of tlio St. Louis epidemic. Tins was jiroved to bo a 
dllcrablo virus and transmitted to monkeys and mice by Muckenfuss, 
Armstrong, and McCordock (1033) and W'ebster and Fite (1035). 
Epidemiology. 

Eight epidemics of encephalitis occurred in Japan between 1871 
and 1010, since when outbreaks have occuired every few years, and in 
1035 there w ere 5,000 cases Tho St. Louis epidemic occurred in 1033 
wlicn there were over 1,000 cases in tho neighbourhood dunng the 
late summer. There were smaller outbreaks in otlier cities in tho 
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United States, including oufi in Toledo in 1934. TJie Ja^nnesa 
epidemics were also in the summer. In St. Louis relatively mors 
cases occurred m the county than in the city, ilultiple cases in the 
same family were not very common. Tiieincuhation period apjwared 
usually to be betneen nine and fourteen days. There was a marked 
preponderance of susceptihihty among the elderly and aged and a 
relatively small incidence upon children. Though mosquitoes ha^ 
been considered as possible carriers both in the United {States and 
m Japan, there is evidence tliat the disease is spread by human 
comers and that the route of infection is the nose, from which the 
virus travels to the braiu by the olfactory ner\’cs. 

Pathology. 

The pathologicalpicturein the twodWoses is identical except that 
Japanese observers have described small patches of softening in the 
bram which were not observed in ibe -imerican cpidcmica. .411 
levels of the nervous system may be affected, and severe inflammation 
is alwaj s observed in the brain stem, the basal ganglia, ond the white 
matter of the hemispheres. In distinction from encephalitis Icthargica 
the inflammatory changes are much more diffusa in the Japanese 
and St. Louis forms, invoUing the basilar part ofthe^ions, the entire 
width of the medulla, the cortex and whito matter of the cerebellum, 
the basal ganglia, and also the cerebral cortex (lowenbej^ and 
Zbmden, 1936). The brains show ganglion.ccll degeneration, diffuse 
microglial and macrogUal prohferatioo.and periv a:>cular cuf&ng. Peri* 
vascular microglial nodes are common. Intranuclear inclusion bodies 
have been found in the cells of the tubular epithelium of the kidney. 

Symptoms. 

Several workers classify cases as (1) abortive, (2) mild, and (3) 
severe, mcludiug the fulminatiug cases. According to Hempehnann 
(1933) the onset of the disease is usuaUy acute with high fever, 104'* 
to 106°, headache, and stiffness of the neck and within a few hours 
many patients develop mental coufusion and tremor of the bps, 
tongue, and hands. Rigidity may iovohe tho upper limbs or tho 
whole body. Drowsmess is commou but the patient may be hyper- 
excitable. In severe cases coma develops early. The optic dislu are 
usuall}’ normal and m distinction from encephahtis letliaigica tho 
pupils and their reactions are also usually normal. Cranial nerve 
palsies and gross palsies of tbe limbs ore rare. 

Tho cerebro-spinal fluid is usuaUy clear, and under incresised 
pressure. There is an excess of cells, usually between JO and 2.10, 
predommantly lymphocytes. He globulm content is increased. 
The blood usually exhibits a moderate lencoc^ tosis. 
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Diagnosis. 

See diagnosis of enceplialitis lethatgica, p. 436. 

Prognosis. 

In the St. Louis epidemic the mortality rate was 20 per cent. In 
til© Japanese epidemics it has been much higher, usually 50 to 60 2>er 
cent. In both the mortahty rate increased after the age of 50. In 
favourable cases recovery is often rapid and complete Many 
patients in the St. Louts epidemic had apparently' completely re- 
covered in from ten to fourteen days, but tlio disease sometimes runs 
a protracted course. A recent study by Bredcck and others (1938) 
of survivors of tho 1933 St. Louis epidemic showed that GO per 
cent, had made a complete recovery and only 6-3 per cent, were 
physically unfit for w ork. Severe Parkinsonism was so far quite rare 

Treatment. 

Lumbar puncture is valuable and improvement often follows tho 
first puncture, Avhich can bo repeated as necessary. No specific 
treatment is known and convalescent serum has apparently not been 
used. On general grounds it is not likely to be of value by the time 
a patient o^iibita symptoms. IVcatment therefore must bo sympto- 
matic and special attention will need to bo directed to the feeding of 
the patient and the care of tho bladder and bowels. 
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4. AUSTRALIAN ‘X’ DISEASE 

Dfjinitlonx A form of acute enoephalo-myelitis which has occurred 
in epidemic form in Australia. It Is characterized by headache, 
lethargy, convulsions, and, in severe cases, coma, and has a high 
mortality rate. It apjiears to be due to a neurotropic \Tru3 uhich is 
transmissible to animals. 

•Aetiology. 

The disease appeared in epidemic form in Australia in the late 
summer, between January and April, in 1917 and 1918. Fifty per 
cent of the patients were children under 5 years of age, but young 
adults were also affected. !Males outnumbered females by more than 
2 to 1. The disease appears to have been due to a filterable \'iru8and 
uas readily transmitted froto man to animals, incluiling monltcys 
and sheep, and from one animal to another. On clinical grounds it 
could be distinguished both from encephahtis letbargica and from 
pohomjelitis. The readiness ^rith which it could bo transmitted 
to animals abo distinguishes it from encephalitis letbargica, and the 
fact that convalescent serum from cases of acute anterior polio* 
myehtis failed to neutralize the virus suggests that the two con* 
clitions are distmet. The evidence, tbcrcfoTc, pK>inta to Australian 
‘X’ disease having been due to a specific and distmet ncurotropio 
virus uhich Burnet (1984) and Pcnlrau (1936) have suggested 
may haic been the virus of loupiog*iU of sheep. 

Pathology. 

Microscopical examination of the nervous system showed vas* 
cuiai engorgement and both diffuse ami perivascular lymphocytic 
mfiltration. In addition miliary foci of softening were obscrvctl in 
the cerebral corter. Chroniatoly^ of ganglion ceUs. though present 
in affected parts of tbc brain, was not conspicuous. Tho pathological 
changes acre mo»t marked in the cerebral cortex, basal ganglia, 
dentate nuclei of the ccrcbelliuu, dorsal region of the pons and 
medulla, and the grey cornuaoftfaespm.il coni. 

Symptoms. 

The incubation period appeared to be betuecn five aud twelve 
days. The prodromal symptoms consisted of headache, lassitude, 
ueakness, and pains in various ports of tho body'. Thc^o symptoms 
became more marked as the disease devcloykcd and were associated 
with vomiting, lethargy, delirium, and in severe cases coma. There 
lias pyTcxia, the temperature ranging from 101® to 103“ F. Con* 
vulsions occurred in a large proportiou of cases, and rigidity of the 
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litnbs was common. The crauinl neivc» wcro rarely affected, e.xcept 
that dj'sphagia ziot uncommonly occurred. Ho lasting jxiralysis of 
the limbs was observed. 

Thoccrebn>.sj)jn.il}]uiil msuallyroQlainetlai] excess of iiiononii clear 
cells, but no other innrkt'd abnormality, and cultures from the iliiid 
pro\e«l negative. 

Diagnosis. 

The condition wa.s distmguislird from encephalitis lcthargic.% by 
the infreciueiiey of cranial nerve p.ib>ics, csjK'cuiUy of pupillary 
abnormniities and other ocular sjmptonis, and from {K>[iouneiiti3 
by the absence of lasting paralj^sts of tho atrophic ty|)c. 

Prognosis. 

The discaso ran nri acuto scIf-Umilod course, fulminating cases 
proving fatal in twenty-four hours and the average duration of the 
illness being from seven to twelve day*. Tho inortaUty rate wo* high 
—70 iier cent. — hut Ihoao who recovered usually did so completely, 
only three suffering from iMrulysis and two from mental disorder 
as immcdlato sec^ueU. Whether later sequel* corresponding to a 
chronic stago of tho dUeaso have occurred, aa ui tho case of encopha- 
htis letiinrgiea, i* unknown. 

Treatment. 

As in tho cose of other forms of acute enccphalo-inyclitu, repeated 
lumbar puncture should be carried out, tlio treatment otherwise 
being s^mptomatio. 
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5. POLIOilYELITIS 

Synoni/max Infantile paralysis; Heine-Mcdin’s disease. 

Definition-. An acuto infective dfecase duo to a virus with a pre- 
dilection for tho cells of tho anterior horns of tho grey matter of the 
spinal cord, destruction of which causes imiscuhr atrophy and 
paralysis. 
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Patholo^. 

In the acute stage naked-eje examination judds evidence of a 
general reaction to the infection in parenchymatous degeneration of 
the liver and kidneys and a general enlargement of the ]>Tuphoid 
tissue of the body, including the lymphatic glands of the alimentary 
canal The spinal cord is con^sted, soft, and ocdematous, and 
minute haemorrhages may be visible in the grey matter. 

Histologically the changes in the nervous system are usually most 
markedin the grey matter of the spinal cord and medulla. The basal 
ganglia and cerebral cortex are little affected. In the oird the 
changes consist of degeneration of the anterior horn cells and an 
mflammator}’ reaction with small haemorrhages in the grey matter. 
The ganghon cells of the anterior boms show changes of all degrees of 
sevent}’ from slight chroniatolysU to complete destruction with 
neuronopbagui. The inflammatory reaction consists of perivascular 
cuffing, mainly with lympboci-tes but with a smaller number of 
polymorphonuclear cells, and a lUffuse inflltration of the grey matter, 
with similar cells and celts of neuroglial origin (Fig. 48). The white 
matter of the cord shows some perivascular infiltration. The men* 
mges share in the inflammatory reaction, exhibiting infiltration 
with lymphocytes and endothelial cells. 

Cortical lesions aro similar hut are more focal, and inflammatory 
changes have also been observed in the spinal posterior roots and in 
the peripheral nerves. In rare coses the brunt of the infection falls 
upon the bnim*steni. Focal necroses are found in the liver, and 
an inflammatory hyperplasia in the lymphoid tissue. 

Recovery from the acute stage is attended by restoration to normal 
of ganglion cells wliich have not been too severely damaged. Others 
disappear completely, and sections therefore show a paucity of cells 
in the anterior horns in the affected regions with secondary degenera* 
tion in the corresponding anterior roots and peripheral nerves. The 
muscles supplied by these segments show varying degrees of atrophy 
inth a relative increase of the connective tissue and fat. 

Aetiology. 

Our knowledge of the caosalive organism of jxiliomyclitis dates 
from the obsenation of Landstcincr and Popper in 1009, that the 
disease could be transmitted to monkeys, and it bos since been 
shown to belong to the group of filterable viruses and to possess the 
general characteristics of membera of this group. Tho virus can bo 
obtained from the nervous system of fetal cases, especially from the 
spinal cord, but also, as Flexner, Lewis, and others have sliown, 
from the nasopharyngeal mucous membranes of {laticnts in tho acute 
stage, of healthy contacts, and of convalescents. Monkeys tan bo 
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successfvillyinoculatedbydirectintracerebral injection or by injection 
eubcutaneously, intrapentoneally, into the lymph glands, or into a 
nerve-trunk, but it is now reo^nized that the disease is siirCfUi by 
droplet infection and that tlic normal route of infection is through 
the nose. Having reached the naso-pharynx the virus mvades the 
nervous sj-stem through the olfactory hairs and thence by the 



Fio. 48. Foboiayelitis. Anterior horn etiowuig uiflamiiiatory lufUtratioii and 
advanced chromatoIyBia of neurone (arrow) H E. x 318. 


olfactory bulbs and tracts. Fairbrother and Hurst’s m ork has shown 
that the virus travels readily along tlie axis cyluidcrs both in the 
peripheral nerves and in the central nervous system and no doubt it 
is by the long descending tracts that, having reached the brain, 
it descends to the anterior horn cells of the spinal cord. These it 
invades, the inflammatory changes in the nervous tissues and 
meninges being purely reactive. It is unlikely that the blood or the 
cerebro-spinal fluid plays an important part in tlie dissemination of 
the viruSi hut it is possible that exceptionally the pliarjTix or tonsils 
may be the portal of entry (Scott-Brown, lySl) or the raw tonsillar 
bed after tonsillectomy (Aycock and Luther, 1929). 

Epidemiology. 

In Great Britain poliomyelitis occurs for the most part sporadically, 
but small epidemics occasionahy break out. The United Stales is 
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subject from time to time to severe epidemics, and Wickman has 
stuped epidemics in Nor\vay and Sweden, This worker found ample 
evidence that the transmi&sirai of the disease could often be traccil to 
an apparently healthy individual who Lad been in contact \ritli a 
paralytic case but never himself developed the disease. Such healthy 
earners and abortive cases in which recovery occurs before the 
paralytic stage is reached greatly outnumber tlic p.iraJylic cases and 
are probably mainly responsildc for tbo spread of the infection, 
though there is evidence that the disease can be acquired from a 
paralytic case. It is believed that in a community such as a boarding- 
school a carrier epidemic precedes the appearance of overt cases, so 
that by the time frankly paralylic cases appear the whole population 
may already have been exposed to the infection. Tlicro is little to 
indicate that the disease is spread by' fomites, insects, or other 
external agencies, though a small epidemic has been traced to a milk 
supply and the virus has been demonstrated in the faeces of patients. 

The seasonal incidence m the late sununer and early autumn is 
unexplained. Infants under the age of 1 year are rarely' attacked, 
ilost suSerers are between the ages of 2 and 4. After the ago of >*> 
susceptibility rapidly diiiniibbes, and after the age of 2o the Ubeaso 
IS very rare, ^falcs suffer somewhat more frequently than females. 
The incubation period appears to be usually about twelve days. 

Symptoms. 

There are four possible ways in which a person may react to 
infection by tbo virus of poliomyehtu. (1) There is evidence (Wells, 
1032) that exposure to the virus leads in a largo majority of cases 
to development of immunily' without any symptoms of illness. 
This may be termed sub-clinical infection. (2) Most workers 
believe that there are patients in whom the ey'mptonis are never 
more than those of a mild general infection without involve- 
ment of the nervous system. Tho most recent knowledge of neuro- 
tropic viruses perhaps renders this doubtful, but sucli cases, if they 
occur, may be termed abortive cases. (3) A majority' of patients, 
in some epidemics as many as 75 per cent., develop general symptoms 
and at this stage exhibit an excess of cells in the ccrcbro-spinal fluid 
yet never develop paralysis. Evidently, though the nervous system 
is invaded, the anterior horn cells are not attacked. The infection is 
overcome in the pre-jiaralytic stage and these are called pre*paraIytio 
cases (4) Only in a minority does the infretioa run its full course and 
cause paralysis. 

(1) Patients irith sub-clinical infections c.xliibit no symptoms. 
(2) Symptoms of patients of the abortive type are indistinguishable 
from those of any other general infection unless tho virus can be 
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demonstrated in the naso-phatjnz. Tliero remain to bo considered 
tho symptoms of (3) tho pre-patalytio stage and (4) the stage of 
paralysis. 

T/je Pre-paralytic Stage. 

In this stage two phases can often bo recognized. Tiio first symp- 
toms of infection are fever, malaise, headache, drow smess or insomnia, 
sweating, flushing, faucial congestion, and often gastro-intestinal 
disturbances siicli as anorexia, voinituig, and diarrhoea Faber 
(1933) interprets these symptoms as duo not to a general infection 
but to invasion of Uie hypothalamus by the virus. This phase, uhich 
lasts one or two days, is sometimes followed by temporary improve- 
ment witli remission of fever for forty-eight hours, or it may merge 
uito tho second phase in which headache is more severe and asso- 
ciated with pain in tlic back and limbs, together with hyperaesthesia 
often of both the superficial and deep tissues 

Delirium may occur. The child is often tremulous, and cervical 
rigidity and Kernig’s sign may he observed. In tlie absence of such 
marked signs of mcnuigcal irritation the 'spinal sign’ is of diagnostic 
value. In adults, infants, and children too ill to be taken from bed 
this is elicited by means of |>assivo flexion of the spine when the 
patient is lying on his side, rcsistanco being encountered on account 
of pain in tho back. In children who arc not too ill tho sign is best 
elicited by taking the clnld from tho bed, sujiporting it in a sitting 
position, and asUng it to try to kiss its knee. Flexion of the spme, 
oven when assisted by passive movement, is prevented by pain. 
Convulsions may occur in infants in ciUicr of tlie first two pliases. 

The Cerebrospinal Fluid. 

In the second phase the ccrebro-spinai fluid shows changes which 
arc the outcome of meningeal irritation. The pressure is increased 
and tliere is an e-xccss of cells, usually 50 to 250 per c.mm During 
tho first few tlays both polymorphonuclear cells and lymphocytes are 
present, but after the first week lymphocytes alone are found. The 
protein and globulin show a racxlcrato increase, but the glucose and 
chloride content of the fluid is normal. 

The Paralytic Stage. 

The Spinal Form, The onset of paralysis follows rapidly upon the 
pre-paralytic stage, and is attended by considerable pain in the limbs 
and tenderness of the muscles on pressure. The paralysis may be 
widespread or localized. lu severe cases the muscles of the neck, 
trunk, and ail four limbs may be powerless, except for a feeble 
movement hero and there. When the paralysis is less extensive its 
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asynunetrj- and patchy character are conspicuous feature, and some 
muscles may be scTcrely affected on one fide of the body and escape 
injury on the other. Usually the maximum of damage is done uithin 
the twenty-four hours, but sometimes the paralj-sis is progres- 
sire. In the ascending form it gradually spreads upwards ffom the 
legs, and a descending form is described. The lower limbs are more 
often affected than the upper. In the former the muscles below the 
knee suffer most, especially the pcronci and the anterior tibia! group. 
In the latter the smaU muscles of the hands are frequently involved. 

Fortunately it is the rule that only a proiiortion of the uuiscles 
affected at the outset remain permanently paralysed. Intoxication 
produces temporary loss of function m many anterior horn cells 
which ultimately recover. Improvement usually begins at the end 
of the first week after onset of the paralysis. In common with other 
causes of lower motor neurone paral^-sis, poh'omyelitis leads to 
M asting of, and loss of cutaneous and tendon rctloxes carried out by, 
the affected muscles, though the tendon rcQexes may be exaggerate 
for a bnef period at the onset. Complete paralysis of the muscles 
around a joint may permit subluxation to occur. When opposing 
muscle groups are unequally affected, contractures arc apt to occur 
in (he stronger muscles, causing limitation of movement at the 
jomt. In the upper limb this moat often happens in the adductors 
of the shoulder after paralysis of the deltoid ; in the lower limb, in 
the calf muscles, after paralysis of the pcronci and anterior tibial 
group. Talipes equiuo-vanis results &om contracture of the calf. 
Asymmetrical palsy of the spinal muscles causes scoliosis. The 
affected limbs arc blue and cold and may bo tlio site of oedema or 
chilblains. Bone gro^vth is retarded in the paralysed limbs, and the 
bones show rarefaction radiographically. 

Rardy the inflammation extends to the it hitc matter of the lateral 
columns of the cord. Involvement of the spino-tbalamic tracts causes 
Impaired appreciation of pmn, beat, and cold, and damage to the 
pyramidal tracts leads to spastic paralysis. Such an extension in 
the cervical enlargement produces spastic paraplegia associated with 
muscular wasting of the upper limbs. Except in such cases sphincter 
disturbance is very rare and sensory loss is absent. 

Brain-4l£m Form. In a small percentage of cases the brunt of the 
infection falls upon the bram-stem, leading to facial, phar^mgeal, 
hngual, or very rarely ocular paralj-sis, TYemor and nystagmus may 
bo present. 

Diagnosis." 

Diagnosis is rarely possible in the stage of constitutional dis- 
turbance, except in an epidemic. -Even then suspicion cannot be 
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confirmed until changes in tho cerebro-spinal fluid indicate that the 
nervous system is invaded. At this stago in sporadic cases tho 
disease has to be distinguished &om other causes of meningeal irrita- 
tion. In the acute pyogenic forms of meningitis tho glucose content 
of the spinal fluid is reduced, and tho cells are exclusively polymor- 
phonuclear. Mumps meningitis which Is also associated with a 
lymphocytic pleocytosis in the spinal fluid is not likely to cause 
confusion, since the parotitis is usually evident. Tuberculous menin- 
gitis may bo difficult to distinguish. In this condition tho onset is 
usually more gradual and the child is palo rather than flushed as in 
poliomyelitis. Tho diagnosb, however, rests upon the examination 
of tho spinal fluid, which in both may contain an excess of cells, both 
poljTnorphonuclear and lymphocytes, and an excess of protein. In 
poliomyelitis tho chloride content of the fluid is nonual ; in tubercu- 
lous meningitis it is dlminisiied and may even be os low as 0-5 per 
cent. Tubercle bacilli if present are, of course, conclusive. 

The spinal form of the disease in tho paralytic stage is usually 
cosy of diagnosis. IVlicn tho pain and tenderness are severe it may 
bo confused with acute rlieumalism, syiihilitic epiphysitis, and acute 
osteomyelitis. In these, howover, the tenderness is more localized 
than in poliomyelitis and in tho first tuo is related to tho joint; in 
tho last the lesion is often near a joint. Moreover, in none of these are 
tho tendon reflexes lost as in poliomyelitis. Tho Wassermann re- 
action is usually positive in cases of the syphilitic lesion. 

In adults poliomyelitis may need to bo distinguished from acuto 
tcansvec&a myelitis, but in this condition flaccid paralysis of the legs 
is associated with extensor plantar reflexes, sensory loss, and loss of 
sphincter control. 

When tho patient is seen years after tho acuto attack the presenco 
of muscular casting may suggest progressive muscular atrophy, 
sjTingomyelia, or myopathy. The fact that the wasting is not pro- 
gressive, however, excludes all these alternatives. Tho absence of 
fibrillation also helps to distiuguisli it from tho first named, and the 
absence of sensory loss from the second, while tho wasting is usually 
too patchy and asymmetrical to simulate myopathy very closely. 

The bulbar form must be distinguished from other forms of 
encephalitis. In encephalitis complicating tho exanthemata and 
vaccinalum tta primaiy ia uaunliy nhwiua* In. 

Ictbargica the onset is usually less acute, signs of meningeal irritation 
are absent, and pupillary disturbances ore almost constant. 

Prognosis. 

The mortality varies in different cpubmiics and may be as high as 
25 per cent. The mortahty rate is highest in tho first year of life 

ag 



450 VIBUS INFECnOXS OF THE XERVOUS SYSTE5I 
and ia those irho are attached after the fifth ^ear. The cause of 
death is tisually respiratory paralj-sis due to direct involvement 
of the respiratory centres in the bulbar form or to paralysis of 
the intercostaU and diaphragm, which is most liable to occur in the 
ascending form of the disease. The patient may sunive the acute 
stage only to succumb later to broocho-pneumonia.-j( 

When the progress of the paralysis has ceased it is safe to predict 
that eonsiderahle recovery wrfl occur. Favourable indications are 
the presence of voluntary movement, of reflex responsiveness, and 
of a reaction to faradism which persists three weeks after the ooset 
of the paralj^. Improvement once begun may be expected to 
continue for at least a year and in some cases for even longer. The 
nature and extent of the remaining disability will, of course, depend 
upon the distribution of the residual paralysis. Second attacks, 
though very rare, are well authenticated. 

Progresdve muscular atrophy is a rare sequel of acute anterior 
poliomyelitis, which it may follow after many years, the progressive 
wasting usually beginnmg in the region originally aSectM. 

Treatment. 

Central Jfana^einenl. 

l>uring the acute stage aperients will be needed as patlenU are 
usually constipated, and plenty of fluid should bo given. Lumbar 
puncture may be needed for diagnostio puttascs and may help to 
relieve headache and backache. Aspirin in do»cs of 5 to 10 grains and 
sedatires, such os pfaenobarbitnl or bromide and chloral, trill be 
required for the relief of pain and restle^ess. H^'pertonic saline 
baths diminish the hyperacathesia. Gentle passive movements ore 
the only form of physical tre.vtment which is permissible at this 
stage. When the respiratory muscles are involved the foot of the bed 
should be raised 2 to 3 feet and atropin given. Artificial respiration 
by means of a Drinker or Bragg.Paul respirator may be nreded to 
tide the patient over a period of respiratory paralt'sis, but it must be 
remembered that improvement in the respiratory’ muscles often does 
not occur. 

SerolAcrapi/. 

The objects of treatment ore to combat the infection and to pro* 
mote recovery from, and minimize the eSects of, the muscular 
paralysis. There is ample expcnmenlal evidence that the blood* 
seraiD of convalescent indiridusls contains antilxxlies capable of 
neutralizing the virus, and this has led to the use of such serum in 
treatment, but the results have been disappointing. As soon as (he 
virus has entered the nervous system it is beyond the reach of 
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antibodies. Schultz and Gebhardt (ID33, 1934, and 1935) and 
Plexner (1938) have sho^vn that a potent neutralizing serum was 
ineffective if given more than twenty-four hours after nasal instilla- 
tion of the virus in monkeys. This is borne out by clinical experience, 
for though good results have been claimed for convalescent serum in 
treatment by some workers tho best controlled observations, such as 
Park’s (1932) on nearly 1,000 cases, showed no signihcant difference 
between treated and imtreated patients. 

Those who advocate serum agree that it should be given in the 
pre-paralytio stage. Macnamara and Morgan (1932) advocate a dose 
up to 30 c.c. intrathecally and a sufficient dose intravenously to 
bring tho total up to 50 c.c. 

Trealmtnt of the Paralysis. 

For purposes of treatment the course of the disease after the onset 
of paralj’sis is divided into (1) An acute stage, during which pain 
and tenderness of the muscles persist. This usually lasts for three or 
four weeks. (2) A convalescent stage during which improvement in 
muscular power continues. This may last from sis months to two 
years. (3) A chronic stage in those left with permanent paralysis 
after the maximum recovery has occurred. 

The principal object in the treatment of the muscular paralysis in 
tho acute stage is to prevent stretching of the paralysed muscles 
and contracture of their antagonists. If great care is not taken over 
this, damage may be done m a few days w bich it ivUl take months to 
repair. The patient should bo nursed on s Arm bed and the limbs 
kept in the positions in which the paralysed muscles are relaxed 
by means of sandbags, improvised splints, or plaster bods. Special 
care should be taken to keep the shoulder abducted to a right angle 
when tho deltoid is paral^’scd. To do this tho arm may bo fixed to 
the head of the bed ■with a sling. In the lower limbs outward rotation 
of the limbs, ficxion of the hip and knee, and dropping and inversion 
of tho foot must be prevented. A small but important muscle is the 
oppoiieus of the thumb which should not bo allowed to become 
stretched. 

During the stage of convalescence prolonged rest in bed ^viU be 
necessary in severe cases, the limbs being kept in position by means 
of a spinal frame or by a double Thomas splint with foot pieces and 
malleable arm pieces, and in less severe cases by appropriate sphnts 
apphed to the individual limbs. Except when the trunk muscles are 
severely paralysed the patient may usually be allowed to stand for 
a few minutes daily after some months, but paralysis of tho spinal 
muscles requires prolonged recumbency even up to two and a half 
years if severe spinal deformity is to ^ prevented. During conva- 
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lescence active eicrdsea are of great importance. They may need to 
bo assisted or carried out in baths. Passive movements and massago 
are also necessarj', but the value of electrical treatment is doubtful. 
Adequate instrumental support for the spine and limbs may be 
required and falls within the province of the orthopaedic surgeon. In 
the later stages contractures and dclbmutics may require tenotomy 
or other surgical treatment, but these may often be avoided by 
adequate core during the acute stage. 

In the chronic stage when oedema, cyanosis, and chilblains are 
troublesome in the feet, lumbar sympathectomy may bo helpful in 
improving the circulation. 

Prophylaxis. 

Since the naso>phaiyngcaI secretions, the urine, and the faeces of 
the patient may contain the virus the usual precautions lakcn in 
nursmg cases of infectious disease should bo adopted. It is not easy 
to say how long the patient remains infectious, but ho should be 
isolated from other cliildren for at least six w ecks. The infectiousness’ 
of the paralytic case, however, is not very great, as case to case 
infection U rare. 

During an epidemic it is desirable as a rulo that rrsideuUal schools 
should not be closed. For reasons pren in (ho section on epldemlo^ 
logy it is unlikely that closure of a school will modify the spread of 
the disease among those already exposed to it, and there is a risk that 
this course will tend to disscminato the infection among younger and 
therefore mom susceptible children. Children in an nlTectcd house* 
hold should be isolated from other children for three wxeks after the 
isolation of the patient. 

The prophjlactio value of immune scrum has been established 
cxpcnmentally and it may justihflbiy bo used during an epidemic 
especially for the protection of child contacts. A dose of from 10 to 
20 c.c. of a convalescent scrum may bo injected subcutaneously or 
intramascularly and os the scrum of many normal adults pasiscs&cs 
the power of neutralizing the poliomyelitis virus the pooled scrum 
of two or more adults may bo uscil if convalescent serum is not avail* 
able. Fifty c.c. of citrated whole blood may' also bo uscil. Since 
it is believed that human scrum and blood afford protection for 
only about three weeks the injection moy need (o repeatctl in 
an epidemic. Immune hono scrum may be used instead In a dose of 
JO c.c. jnt/vajus^Isrlf', 

Active immunization encounters the difficulty* that viruses imliko 
bacteria do not evoke immunity when killed. The dangers of un* 
munization with a living vires have not yet been overcome. 

Attempts ba> e been mods to block the route of ingress of tlio virus 
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by spraying the nose Avith various protective substances. A 1 per 
cent, solution of zinc sulphate though effective in monkeys, proved 
ineffective in man. A solution consisting of 0-5 per cent, of picric 
acid and 0 -5 per cent, of sodium aluminium sulphate in 0 -85 per cent, 
saline has also been employed, each nostril being sprayed every other 
day for a week and subsequently once a veek during the epidemic. 
The value of this is not yet establisbed and it must be borne in mind 
that substances powerful enough to protect against the virus may 
not be free from the risk of causing permanent damage to tlie nasal 
mucous membrane. 
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6. RiVBIES 

Synonym: Hydrophobia. 

Definition: An infectioa of the nervous s^-stcm due to a filterable 
neiirotropjc virus conuuunicated to man by the bite of oji infected 
animal. The resulting encephalitis, uhich is almost always fatal, is 
distinguished by the charactenstio pharyngeal sjiosm evoked by the 
attempt to drink. 

Aetiology. 

Rabies is due to a filterable virus which possesses a predilection for 
the nervous system. It is communicated to man by the bite of an 
infected aoimsl uhicb carries (he virus in its saliva. Most cases of 
human infection ore duo to dog bites, though bites of jackals, cats, 
and nolves are occasionally responsible. The bites of rabid horses 
and cattle hardly ever communicate the disease. An epidemic in 
Trinidad has been attributed to vampire bats which have been 
believed to carry the infectioa from cattle to mao. The virus of 
rabies has been isolated from a fatal case occurring in a human 
epidemic of encephahtU in JajioD. Tho risk of infection is influenced 
by the severity of the bite and is much diminished when the indi* 
vidual ir bitten through clothes, which to some extent free the 
azdmaYa teeth from saliva. The virus, having entered the hcxlj’, is 
transmitted only along the nerve-trunks, moving in both directions. 
Pathology. 

Thepathologicalcbangesin the nervous system exhibit tho general 
characteristics associated with infection with a neurotroplc virus. 
Severe degenerative changes are found in tho ganglion cells of tho 
cerebro-spinal and sympatbetio ganglia. Tho small vessels show 
narrowing of the lumen and cnlaigement of the endothelial cells, 
with marked perivascular round'Cell infiltration. Tlie gangHon-cell 
degeneration is more diffuse than the inflammatory reaction, and tho 
ganglion cells of the cortex may be extensively affected. There is 
considerable reaction of oligodendrogUa and microglia, and collec* 
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tioiis of inflammatory and glial cells aro known as Babes’ nodes. 
The Negri body is of diagnostic importance. It is an acidophil inclu- 
sion body contained within the cytoplasm or protoplasmic processes 
of tho ganglion cells. Nogri bodies are most constantly present in the 
ganglion cells of tho hippocampus major, but may also be found in 
tho pyramidal cells of the cortex, tho Purkinje cells of the cerebellum, 
and tho ganglion cells elsewhere. Negri bodies aro not constantly 
present in ljuman rabies nor in tho experimental infection of animals 
with the virus fi.xe. 

Tho pathological picture in the so-called ‘ neuro-paralytic accidents ’ 
occurring during the prophylactic treatment of rabies may be 
different (see p. 457). 

Symptoms. 

Rabies in Animals. 

The first symptoms of rabies in tho dog are a change in beliaviour 
associated with perversion of appetite. Tho animal uilJ gnair and 
swallow paper, sticks, earth, and other unusual substances. This 
stage is followed by excUcoicnt, in which it will snap at and bite 
other animals. There is a flow of saliva from tho moutb, and the 
bark often becomes high.pitchcd. j\Acr one or two dajs paralysis 
develops, beginning first in the hinder extremities and spreading to 
the forelimbs and jaw. Muscular spasms may occur affecting tho 
whole body. Emaciation is marked and death is almost invariable. 

In other animals, especially rodents and hcxbivora, the stage of 
excitement does not occur and the symptoms aro paralytic from tho 
beginning, and this paralytic form of tl»e diseaso occurs in a small 
proportion of dogs. 

Rabies in JIan. 

The incubation period in man depends upon tho distance of the 
infected lesion from the central nervous systeui. ^Vhen the bite is 
on the head it is about 27 daj's, when on the arm 32 days, when on 
"the leg 64 days, but these periods are liable to wide variations. 
During the incubation period tbero are no symptoms. Local pain in 
the bitten limb is often tho first symptom to appear. The first general 
sjTuptoms arc depression, often associated with apprehension, and 
disturbed sleep. Tho next symptom is pharyngeal spasm brought on 
by tho attempt to drink and rapidly extending to involve both the 
ortlinary and tho accessory muscles of respiration, and later all the 
muscles of tho body, often produdng opisthotonos. ^Vhen this stage 
is at its height not only the attempt to drink but the, sound and even 
tho thought of water will bring on the spasm, which may also be 
excited by other external stimuU. Salivation is excessive, and vomit* 
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ing is common. A horror of water develops and balliicinations may 
appear. Even so, the human patient does not as a rule exhibit the 
impulse to bito characteristic of the tabid dog. Later the sjmptonjs 
of excitement and the spasm diminish and may give place to a 
terminal paralysis. Fever is usually present, and a terminal hjper- 
pyreiia may occur. Death may take place during the spasmodic 
stage irom respiratory or cardiac failure, or the patient may die in 
coma in the stage of paralysis. 

Rarely the spasms and mental excitement aro absent and the 
symptoms are paralytic from the begiaaiag, as is the case in certain 
species of animal. epidemic of paralytic rabies recently occurred 
in Trmidad. In such cases the clinical picture is that of an ascending 
paralysis beginiung in the loner limbs and associated \ritb loss of 
sphincter controL The upper limbs may or ma}' not be affected and 
sensory loss is inconstant. Finally bulbar paralysis leads to dj-s- 
pbagia and death occurs from paralysis of the respiratory muscles. 

Diagnosis. 

The diagD(»ia of typical h^'diophobia is usually easy pn account of 
the history of the bite and tho presence of the distinctive pharyngeal 
spasm. The condition must be distinguished from tetanus, the in* 
cubation period of which is shorter. The symptoms of tetanus tm- 
modified by the injection of serum usually begin uithin fourteen days 
of the injury and almost invariably within three weeks. In tetanus 
trismus is an early symptom and pharyngeal spasm is usually absent. 

Hysteria may simulate hydrophobia in a patient abo has been 
bitten by' a dog which is supposed to be rabid. In hysteria, hou ever, 
true pharyngeal spasm docs not occur and tho condition is amenable 
to sedatives combined with suggestion. 

The paralytic form of rabies should ofrer no diilicuity in diagnosis 
when there is a history of a bite, but in cases such os those in 
Trinidad, when the mode of infection is obscure, tho diagnosis may 
only be established by means of animal experiments. 

Prognosis. 

The risk of contracting rabies is estimated at about 5 per cent, 
of individuals bitten by animals supposed to bo rabid. Adequate 
prophylactic treatment reduces this incidence to about 1*5 per cent. 
Those who develop rabies almost invariably die, though recovery 
has occasionally b«n reported. Tho prospects of recovery from tho 
'neuro-paralytic accidents* of rabies treatment are good. 
Prophylaxis and Treatment. 

Tho prophylactic treatment of rabies intro<lu«!d by Pasteur is 
still earned out, though it bos been modified in various details. It 
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consists of successive doses of a vaccine derived from animals vshich 
have been infected nith tlio virus fixe. Tho vaccine may consist of 
living or dead virus from tho cord or brain of infected animals and 
may bo given alone or combined with antiserum. Its administration 
should bo begun as early as possible after tho bite. The long incuba- 
tion period of rabies permits the development of an acquired 
immunity after infection. Tlio prophylactic vaccine treatment of 
rabies is thus analogous to tho vaccination of individuals after 
exposure to small-pox. Tim bito itself should bo treated wth anti- 
septics, though cauterization has little influence in preventing the 
development of tho disease. When rabies has developed, treatment 
is purely symptomatic, its principal object being to diminish tho 
spasms. Curare has been used to achieve tills end by causing 
muscular paralysis, but is micertain in its action owing to the 
absence of a standardized preparation. Tho dose is l/ldth to } grain 
repeated ciery half-hour until general muscular paralysis develops, 
and renewed wlicn necessary. A combination of cbloral and mor- 
phine may bo tried. The paralytic form of the disease will require 
the usual treatment of paraplegia. Artificial respiration with 
Drinker’s or a Bragg-Baul respirator may bo needed. 

7. THE NERVOUS COMPLiaVTIONS OF ANTIRABIC 
TREATMENT 

The cause of the nervous complications which arc a rare sequel of 
antirabic treatment is obscure. Their incidence varies from about 
I in 1,000 to 1 in 4,0()0 patients treated, and is lowest when the carbo- 
lized vaccine is used. It has been suggested (1) that the nervous 
symptoms are due to a modification of the original infection ^vith 
rabies by the subsequent inoculation , (2) that they are tho direct 
result of tho inoculation itself, being caused either by the virus or 
by a toxio component of tho nervous substance introduced with 
it; (3) that they are due to aoute otlier virus or toxin stimulated 
into activity by the inoculation, it is possible that the cause is not 
always the same. 

Pathologically in some cases tho only changes desenhed have been 
degeneration of the ganglion cells with perivascular congestion. In 
one case, Uowevec, pecivasculac loutvl-celliafiltcs-iioa witkdeuiyeLL. 
nation and axis cylinder destruction were present. 

Three clinical forma of tho so-called ‘neuro-paralytic accident’ have 
been described. (1) An ascending paralysis similar to the paralytic 
form of rabies; (2) transverse myelitis in tho dorsal and lumbar 
regions, and (3) multiple neuriris involving various peripheral 
nerves, most frequently the fiujiaL These varieties occur with 
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approximately equal frequency and the prognosis is good as to life 

except in the first group in uhicb the death-rate is 30 jKr cent. 

Treatment is symptomatic. 
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8. ACUTE ASEPTIC 51ESIXGIT1S sVXP ACUTE 
LYJU'HOCYTIC CHORIO.ilE^’I^'0I'^S 
Definilion: Acute aseptic meningitis may bo defined as an acute 
infection of tho meninges occurring in the absence of any evident 
focal or general cause of infeciioo, characterized hy Ihe rafiid onset 
of symptoms of meningeal irritation, a pleocyto-is in the cerebro- 
spinal lluid and tiie uhseneo of bacteria from films and cultures 
of the fluid, and runalng a benign course. In a proi>ortion of cases, 
28 per cent, in Baird and Uivxrs (1038) scries, this ilinkal picture 
has been caiiMxl by a filterable %iras, that of acute Ij'mphocytic 
chono-nicmngitia. In the remainder tho ivtoso U unknoicn. 
MacC^lum, Findlay, and Scott (1030), hoftover, hnvo isolated a 
virus allied to but distinct from that of acute lyintihocy tie chorio- 
meningitis, and it seems hkeiy that acute aseptic meningitis may 
be produced bj* several viruses. Since the tUnieal picture appears 
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to bo similar in nil cmses the description given in this section is of 
acute lympliocy tic chorio-niciiingitis about w hich most is known. 

Synowjms : Acuto benign lymphocytic meningitis, epidemic serous 
menuigitis. 

Aetiology. 

The disorder occurs sporadically and also in small epidemics 
Children are usually affected, but it may occur in adults alao The 
work of Armstrong and Lillie (1934), Fmdlay, Alcock, and Stern 
(1939), aud others has shoun that it is caused by a filterable virus, 
wliichhaa been recovered from the cerehro-spinal fluid of patients and 
transmitted to mice and monkeys. Mice are subject to tlio disease in 
the wild state aud may be the source of the human disease, nhicli 
has been encountered in Europe, North America, New Zealand, 
and 31alaj-a. 

Pathology. 

Animals infected expcrimoiitally show intense l^mipliocytic tnfiUra* 
tion of the leptoincningcs, the epeiid>uia of the veijtnclcs and the 
choroid plexuses Victs and Warren (1937) report similar changes in 
a fatal case together with degeneration of tlie ganglion cells of the 
brain wliich in the mid-brain sliowed cytoplasmic inclusion bodies. 
Perivascular infiltration with round cells was seen in both the brain 
and the spuial cord. 

Symptoms. 

The onset is acute, and symptoms of mcoingeal irritation usually 
develop rapidly but there may bo prodromal manifestations of a 
general infection. The s^mpfoms resemble those of acuto pyogenic 
meningitis. Papillocdema may occur, and squint and nystagmus 
are coiuiuoii. j^part from the occasional occurrence of facial paralysis, 
the other cranial nerves are normal Paraplegia and retention of 
urine have been described but symptoms of invasion of tho sub- 
stance of the nervous system are rare. There is usually high fever at 
the onset, and as a rule the temperature falls by lysis in about a w eek. 

The cerebro-spinal fluid is under increased jiressuro and may be 
clear, turbid, or, exceptionally, purulent Tho albumin and globulin 
arc increased and a ‘cobweb clot* has occurred in some cases. There 
is an excess of cells ranging from 50 to 1,500 per c.mm. ; about 
half show over 1,000 at somentage. These may be mainly mono- 
nuclear from the onset, but in a minority of cases polymorphonuclear 
celJa predominate at the beginning, giving place to mononuclear 
cells in tho course of the first week. Tlio chloride and sugar content 
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of thefluidisusually little, if at all, deptesbcd. The pleocytosis in the 
cerebrospinal fluid is often remarbaMj persistent, and in some of 
my own cases a considerable excess of mononuclear cells has boen 
present for many weeks after the disappearance of sjunpioms, when 
the patient has apparently been in normal health. 

Oiagnosis. 

For the diagnosis of meningitis see p. 351. 

Acnte lymphocytic chonO'meniDgitls is most likely to be confused 
with tuberculous meningitis, and since the absence of tubercle 
bacilli from the cerebro-spinal fluid cannot be held to exclude the 
latter, the tno conditions may bo indistinguishable until the recovery 
of the patient settles the diagnosis in favour of the benign disorder. 
The acuteness of the onset of symptoms in acute Iymphoc 3 lie cborio- ' 
meningitis may help todistinguish thlsconditionfrom the tuberculous 
form. Mumps meningitis is very similar, but will usually be dis- 
tinguished by the presence of parotitis or orchitis. 

Pro^osis. 

The prognosis b good and complete recovery b the rule. Fan- 
plegia, hoiveTer, may be pennaneDt and diffuse araclmoiditU has 
been desenbed as a sequel. ' 

Treatment. / 

The usual general treatment of meningitb should be carried out, 
including drainage of the ixtebto-spinal fluid by Jumbar puncture, 
nhich should be performed as often as b necessary for the relief of 
headache. 
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9. NERVOUS COJIPLICATrONS OF JIUSIPS 
Aetiology. 

The experimental ^\ork of Gordon lends support to the view that 
mumps b due to infection with a filterable virus which possesses 
potential iieurotropic propensities. Gordon was able to produce 
meningitis in monkeys by the intracerebral injection of a filtrate of 
the saliva of patients suffering from mumps. Since the commonest 
nervous complication of mumps is meningitis, it seems probable that 
this is due to an infection of tlie menmges with the mumps virus. 
The much rarer lesions of tho substance of the nervous system rnay 
bo due to a spread of this infection front the meninges to the neural 
axis, or may possibly bo the result of an acute enccphalo-myelitis 
similar to that complicating other specific fevers. 

Pathology. 

Little is known about tho patitology of the nervous complications 
of mumps. After experimental infection of monkeys, hyperaemia of 
the brain and memnges, tilth lymphocytic infiltration of the latter, 
is found Li ono case of encephalitis complicating mumps Bicn 
observed in addition to Icptoiiieningitis an area of dcmyellnation in 
the corona radiata. 

Symptoms. 

Nervous sjnnptoma may occur at the onset or during the first stage 
of the disease, but usually develop somewhat later, in the adult male 
immediately before the appearance of orchitis They may occur 
mthout parotitis but with orcliitis. The symptoms are usually those 
of an acute meningitis (see p. 348), but in rare cases aphasia and 
hemiplegia have been described. Optic neuritis and optic atrophy 
are rare complications. Deafness, either unilateral or bilateral, is 
commoner. 

A small number of cases of poly-neuritis occurring in association 
with mumps Iiavo been recorded, usually' developing, tw o or three 
weeks after the onset of tho primary symptoms. In all tho reported 
cases there has been a fiacrid paialyris of all four limbs, and in some 
cases cranial nerve paralyses have occurred, most frequently facial 
paralysis. Localized neuritis is olso sometimes encountered, for 
example unilateral facial paralysis. 

The cerebro-spinal fluid usually exhibits a marked lymphocytosis 
in cases of meningitis. Monod first pointed out that this is frequently 
present in mumps in the absence of any meningeal symptoms, and 
it may also occur in contacts who never develop the disease. 
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Diagnosis. 

The parotitis usually renders the diagnosis easy. In cases of mcnin* 
gitis associated with lymphocytosis of tho cerebro-spinal fluid for 
« hich no cause can be found, inquiry should always be made w bother 
symptoms of parotitis or orchitis have been present, as this may not 
have been mentioned spontaneously. 

Prognosis. 

Recovery from mumps meningitis is the rtile, but tbe condition is 
occasionally fatal. Polyneuritis also usually recovers, though slowly, 
and recovery may be Incomplete. 

Treatment. 

Slumps meningitis is best treated by a dally lumbar puncture 
during the acute stage aud analgesica wilt be required. In severe 
cases convalescent serum should be given, if this is obtainable, in 
doaea of 10 c.c., intramuscularly or intravenously, reiwateil as 
required For the treatment of poljmeuntia see p. 707. 
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10. HERPES ZOSTER 
Sytionijm: Shingles. 

Dejintiton: An acute infection involving jirimanly the first sensory 
neurone and tho corre8]xinding area of skin. 



HERPES ZOSTER 


463 


Pathology. 

The pathological changes in the nervoua system are those of an 
acute inOainmation at some point in the course of the first sensory 
neurone The posterior root ganglia and the correspondmg sensory 
ganglia of the cranial nerves aro the commonest sites of the lesion, 
but tlxo posterior horn of the grey matter of the spinal cord, the 
posterior root, and the peripheral nerves may also bo involved One 
or more successive metameric segments maj*^ be affected, but it is 
very rare for the lesion to be bilateral The microscopical changes 
in the acute stage consist of haemorrhages and infiltration with 
mononuclear and occasional jioljTnorphonuclear leucocytes, especi- 
all}' in the form of perivascular cuffs, and degenerative changes in 
the ner\ e-cclls Fibrosis and secondary degeneration follow in severe 
cases. Inflammatory changes arc present in the neighbouring lepto- 
nicm'nges. In afatal ease of zoster mcniiigo-encepiialitis chroma tol^'sis 
of ganglion cells and penvascular infiltration uero found at all levels 
of the nervous system up to the cerebral cortex (Biggart and Fisher, 
1038). The cutaneous lesions show infiommatory infiltration of the 
epidermis and dermis, udtb vesicle formation produced by eeious 
exudation beneath the stratum conieiiiu Acidophil nuclear inclusion 
bodies have been described in the cells of the vesicle epithelium 

Aetiology. 

These pathological changes are clearly infective, and the infuethe 
character of zoster is borne out by numerous facts. It often occurs 
in epidemics with a seasonal incidence, most cases occurring in the 
early summer and late autumn. The contagiousness of the infection 
la uell established It is closely related to varicella, and there is 
reason to believe that in the majority of cases, if not m all, zoster 
and varicella are due to the same organism. Either may give rise 
to the other in contacts, though vaiiccllA &lious exposure to zoster 
much more frequently than the reverse The zoster- varicella virus is 
entirely distinct from that responsible for simple or febrile herpes. 

Zoster may occur without any evident predisposing cause, or as 
a complication of some other disease or toxic state, especially when 
this causes damage to the first sensory neurone. TJieso two groups 
are distinguished as ‘idiopalhic’ and ‘sj-niptomatio’ zoster, but tho 
evidence indicates that both are due to tho same virus. ‘Sympto- 
matic’ zoster may be precipitated by intoxicatiou with arsenic, 
bismuth, carbon monoxide, and other poisons, and may occur in the 
course of infections such as pneumonia and tuberculosis or toxic states 
such as uraemia. It luay complicate auy lesion of tbo posterior roots 
and may therefore follow fractuie-dislocatiou of the spine, secondary 
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carcinoma of the rertebral column, meningococcal and other fonua 
of meningitia, subarachnoid haemorrhage, syphilitic radiculitis, and 
spinal tumour. It occasionally follows quite a slight trauma. 

Zoster may occur at any age, but is rare in infancy and more 
frequent in the second half of life than in the first. It is most often 
seen in patients over 50. 

The incubation period is from seren to twenty-four days, and is 
usually about a fortmght. 

Symptoms. 

Gineral Symptoms. 

The eruption is often preceded by a disturbance of the general 
health and sometimes by fercr, and there is enlargement of the 
l^unph nodes draining the afifected area of skin. The general s^'rop- 
toms are usually slight but may be serere in tbc aged. 

ZostST oj the Limbs and Trunk. 

The first local symptom is usually pain in the segment or segments 
inToIred. which is burning or shooting in character and is often 
Bssociatod with hj-peralgesia of the area of skin supplied by the 
affected netre-roots. Three or four days after the onset of paio the 
eruption appears as a series of localized (japules wUch develop into 
vesicles grouped together upon an erythematous base (Fig. 40). The 
eruption, hke the other sj-mptoms, possesses a segmental distribu* 
tion. After a few days the eruption fades, the vesicles drying Into 
crusts which separate, leaving small permanent scars in the skin. 
The subsidence of the eruption is often associated with some loss 
of scnsibilitj' in the affected segments. The skin may become 
partially or completely analgesic, though the pain may persist, the 
association of pain nith sensory I 4753 being sometimes described as 
anaesthesia dolorosa. Thermal and postural sensibility may also be 
impaired. Pain may persist for weeks or months or indefinitely 
after the eruption, and this ‘post-herpetic neuralgia’ is the more 
likely' to occur the older the patient, fievere itching is sometimes a 
troublesome sequel. 

Segmental ComjJications o/Zoeler. 

In addition to involving the first sensor}* neurone and the skin, 
zoster may cause a disturbance of function of other structures 
innervated by the spinal segment affected. Muscular wasting of 
segmental distribution is a rare accompaniment of zoster and is 
probably due to an extension of tho infection iiom tho posterior to 
the anterior horns of grey matter in the spinal cord. Thus I have 
seen atrophic paralysis of the muscles suppLed by the fifth cervical 
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segment aiid also paralysis of the abdominal v, all, the latter leading to 
pseudo-hernia. These palsies are usually permanent. Visceral mani- 
festations of zoster may also occur. Arthritis is rare, but I ha\ e seen 
two cases. It has been described only in the joints of the hand and 
uTist as a complication of zoster involving the upper limb. Tiiere is 
severe pain and peri-articular swelling with much limitation of move- 



Fio. 49. Herpes zostei eruption over lumbar 1 and 2 radicular cutaneous areas. 


ment, which is likely to bei>ennancnt. Radiographically the bones 
showonlyrarefaction. Other visceral mam&stations of zoster which 
hav e recently been reported include zoster of the pleura and urinary 
bladder and symptoms resembling those of duodenal ulceration. 

Ophthalmic Zoster. 

When the zoster virus invades the Gasserian ganglion the eruption 
appears in some part of the cutaneous distribution of the trigeminal 
nerve, being usually confined to one division. Wlien the ophthalmic 
division is invoh ed the cornea may be attacked, usually only w hen 
the eruption appears on the part of the nose supplied by the 
nasociliary branch, as Jonathan Hutchinson pointed out. The 
comeal lesion takes the form of small, round infiltrations in the more 
superficial layers of the substantia propria of the cornea. Other 
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orlital structures may bo ioTolred, the most serious complication, 
fortunately a rare one, being optic nenritis, follow eel by atrophy ami 
leading to blindness. Oculomotor paralyses may occur, the thinl 
none being more often affected than the fonrtii and sLxth. Trige- 
minal zooter, like zoiter elsewhere, may lie cither idiopathic or 
symptomatic. In the latter case it may foUoir any intracranial lesion 
of tlie fifth nerve, even alcoholic injection of the Gasserian ganglion. 

Geniculale Zasttr. ^ 

Zoster may infect the geniculate ganglion (Ramsay Himt’s ajm- 
drome), in which caoc the \-esiclc3 are found in the auricle and less 
often on the anterior pillar of (be fauces. There is pain in tlio car 
and mastoid region radiating to the anterior pillar of the fauces and 
to the xertex. Taste is lost in the anterior tuo-thirds of the tongue 
on the same aide, the region innervated hy the geniculate ganghoa 
through the chorda t3*mpam. Almost invariably the infection spreads 
to the trunk of the facial nerve and leads to facial paral^’s^s, often 
aasociated with clonic facial sjiasm.- Tlic eighth nerso nia^' become 
invohed, with resulting deafness or veslibukr dUtnrbonccs. 
J/eni»;)b«, £ncip/ialilia, and 

Some degree of meouigcal inflammation is the rule in zoster and 
is indicated by an excess of mononuclear cells and a raked protein 
content in the cercbro-spiaal fluid, which is almost constuDtl;* present. 
Less frequently' clinical signs of meningitis may be observed, head- 
ache and ceriicol rigidity complicating zoster of the Cosaeriaii 
ganglion, and pains in the lower limbs and Kcniig’s sign being asso- 
cinte«] with dorsal and lumbar zoster. Extension of tlie infection to 
the subaUnce of tbe br.ain or the white matter of Iho spinal coni 
IS rare Xcxcrthclc&s, zoster encephalitis and myehtis haio been 
observed. In the ]aU9eia}oc]oDuiiisnoti2ncQtainqn and intraetablo 
hiccup maj* occur. Tlic pyTamido] tract may bo invaded, cau.dng 
spastic weakness of the loner limb on (he tuimc sido uslhc eruption. 
Generalized Zoster. 

Besides the segmental eruption, tho patient may exhibit scalUred 
vesicles. These may be few in number — ‘nberront vesiclvs’ — or ,a 
widespread eruption resembling xoricclla. Usually the generalized 
rash appears within three or four days of the outhre.ak of zostcr, 
but the interval tn.ay be longer, 

Diagnosis. 

The diagnosis of herpes zoster offira little difiiculty, as in no otlicr 
condition is there a xcdcular eruption as-suciuted with {>aln and 
hyjxralgcsia of a segmental dL>tnbution. Herpes febrihs is Jcss juin- 
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ful, is usually situated in the proximity of a mucous membrane, is 
often bilateral, and leaves neither te^dual pain nor scarring. Post- 
herpetic neuralgia is distmgui8l)ed from other t3'pe3 of root-pain by 
(h .0 Jiistory of the eruption, the scars of which can usually’ be found. 
Diagnosis is impossible in the pre-emptive stage, but the possibility 
of zoster should be suggested by root pains of sudden onset less than 
four days before examination. 

Prognosis. 

The majority of sufferers from zoster recover without residual 
symptoms, except for scamng of the skin. One attack usually con- 
fers permanent immunity. Severe secondary infection of the vesicles 
is a rare complication. Zoster of the cornea may be followed by 
corneal ulceration, and the occurrence of optic atrophy lias already 
been mentioned. Recovery usually occurs from facial paralysis 
following geniculate zoster. Zoster encephabtis is very uncommon, 
but at least two fatal cases have been reported. The most trouble- 
some sequel of zoster is persistent intractable pain, w hich may endure 
for years in elderly patients. 

Treatment. 

In most cases the treatment of zoster is simple Dusting powder 
and a dry dressing or collodion are all that ore needed for the cutane- 
OU3 eruption Iodide by (he mouth may promote the absorption of 
exudate in the nerv ous s^'stem and can be combined w ith analgesics 
Iodide can also be administered intravenously, and an intravenous 
injection of GO c c of 10 per cent, sodium iodide may abort an 
attack or give immediate relief from pain Tlie subcutaneous in- 
jection of J to 1 c c pituitrin during tbe acuta stage will often cut 
short the attack. If convalescent scrum ia obtainable, 10 c c. may 
bo given subcutaneously. Persistent post-horpetio pain is a very 
troublesome complication which is very liable to occur in the elderly 
and aged. In severo cases analgesics are almost useless. It makes life 
a burden and may lead the patient to the verge of suicide. Slorphine 
is contra-indicated owing to therisk of habit formation. Deep X-ray 
irradiation of the spinal cord and nerve-roots or of the Gasserian 
ganglion is often effectiv e in these cases, and should alw aj's be tried. 
It should not be used during the acute stage, but is of little value 
if left until the condition is chronic. The first treatment should be 
given three weeks or a month after the onset, if the pam is not 
subsiding. Subsequent treatments ore given at intervals depending 
upon the degree of reaction. If this fails it Is necessary to consider 
interruption of the pain fibres In trigeminal zoster alcoholic injec- 
tion of the Gasserian ganglion or of one of its divisions is wortii a 
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trial and sometimes succeeds. Alternatively tbo sensory root of the 
ganglion may bo divided surgically, ns in the surgical treatment of 
trigeminal neuralgia. In sjunal zoster the choice lies bctu cen division 
of the nilcctcd posterior roots and section of thcspino-Uiolamio tract 
above the level of the lesion on tho opposite side. TJio latter is the 
more likely to bo Euccc&^fid, unco tbo lesion may lie w ilhin the grey 
matter of tho cord proximal to the point at which tho root can be 
cut. and no benefit will result unless the pain fibres aro intcrrupteil 
on the cerebral side of tho lesion. Since tho pain librcs ascend for 
fioveral segments on tJio same side of tho cord before decussating, 
tho section of tho opposite spino-thalamic tract must bo made at 
least six spinal segments above tho root atTcctcd. Olherwiso the 
appropriate fibres mn}' not bo interrupted. 
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CHAPTER XI 

DEMYELINATING DISEASES OF THE NERVOUS SYSTEM 
1. CLASSIFICATION 

A r^RGE and important group of diseases of tho nervous s^^tem 
possess, as a common pathological feature, foci in \>hich the myelin 
sheaths of the nerve fibres aro destroyed. These foci, ^vhich are 
mainly situated in tho white matter, vary in size, shape, and distri- 
bution and also in tho acuteness of tho jkathological process of u hich 
they are tho result, but they are siifiicicntly similar in tho different 
diseases to justify tho application to tho whole group of the name 
dtmydinaliiiQ diseases oj the nervous system. 

Apart from tlio fact that all but tbo most acute forms of deinyeli- 
nating diseases are sometimes familial, and that the most acute 
forms often foUoir acuta intections, espcciaUy the exanthemata 
caused hy viruses such os measles, small-pox, and vaccination, 
little is known as to the aetiology of this group of disorders. An 
actiological classification is therefore impossible. 

The attempt to classify them upon a patholo^cal basis encounters 
tho diOioulty that altiiough a large number of pathological varieties 
have been distinguished, they merge into one another to form an 
almost continuous scries. A purely clinical classification is equally 
unsatisfactory in that it faib to accomino<!ato transitional forms 
exhibiting features common to two clinical varieties, which can 
usually clearly be distinguished. Tho best available classification is 
a clinico-pathological one, which is based upon the recognition that 
to a large extent cfinical and pathological features can be correlated. 
Such a classification must bo provisional and must be qualified by 
the recognition of transitional forms. Increased know ledge may well 
show that clmico-p.athoIogical distinctions do not correspond to 
aetiological differences, but that they ato the outcome of differences 
in respect of the acuteness of the pathological process, which 
may be influenced by tho heredity of the patient, hia ago, the 
nature of tho precipitating factors and possibly, also, by processes 
concerned in immunity. We do not yet know oven whether theso 
diseases are due to an infection, an intoxication, or, as has been 
suggested in some cases, an allergic process, or whether they should 
be classed as deficiency or metabolic disorders. It is imcertain, 
theTe^ore, irhen a demyeliaating disorder affects the brain and 
spinal cord, whether encephalitis or encephalopathy, myelitis 
or myelopathy is the more appropriate term. Eiicephalitis and 
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trial and sometimes succeeds. Alteraatirely the sensoiy root of the 
ganglion may be divided surgically, as in the surgical treatment of 
trigeminal neuralgia. In spinal zoster the choice lies between division 
of the affected posterior roots and section of the epino>thalaniio tract 
above the level of the lesion on the opposite side. The latter is the 
more likely to be successful, since the lesion may lie within the grey 
matter of the cord proximal to the point at which the root can be 
cut, and no benefit Tnll rMolt unless the pain fibres are interrupted 
on the cerebral side of the lesion. Since tlie pain fibres ascend for 
several segments on the same side of the cord before decussating, 
the section of the opposite spino-tbalamlc tract must be made at 
least six spinal segments above the root affected. Othenriso the 
appropriate fibres may not bo interrupted, 
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CHAPTER XI 

DEMYELINATING DISEASES OF THE NERVOUS SYSTEM 
1. CLASSIFICATION 

A URGE and important group of diseases of the nervous sj’stem 
possess, as a common pathological feature, foci in which the myelin 
sheaths of the nerve fibres are destroyed. TJicso foci, which are 
mainly situated in tho white matter, vary in size, shape, and distri- 
bution and also in the acuteness of the pathological process of w hich 
they are the result, but they ate sulliciently similar in tho different 
diseases to justify the application to the whole group of the name 
deinyelxnating diseases of the nervous sysietn. 

Apart from the fact that nil but tho most acute forms of dcmycli- 
nating diseases ore sometimes familial, and that tho most acute 
forma often follow acute infections, especially the exanthemata 
caused by viruses such as measles, small-pos, and vaccination, 
httle ia knowTi as to the aetiology of this group of disorders. An 
actiological classification is therefore impossible. 

The attempt to classify them upon a pathological basis encounters 
the difficulty that although a largo number of pathological varieties 
have been distinguished, they merge into one another to form an 
almost continuous scries. A purely clinical classification ia equally 
unsatisfactory in that it fails to accommodate transitional forms 
exhibiting features common to two clinical varieties, which can 
usually clearly bo distinguished. The best available classification is 
a clinico-pathological one, which is based upon tho recognition that 
to a large extent cjirn'cal and pathological features can be correlated. 
Such a classification must bo provisional and must bo quahfied by 
the recognition of transitional forms. Increased knowledge may well 
show that clinico-jxitholcgical distinctions do not correspond to 
actiological differences, but that they aro tho outcome of differences 
in respect of the acuteness of tho pathological process, whicli 
may be inSucnced by the heredity of tho patient, his age, tho 
nature of the precipitating factors and possibly, also, by processes 
concerned in immunity. We do not yet know even whether these 
diseases are due to an infection, an intoxication, or, as has been 
suggested in some cases, an alicigic process, or whether they should 
be classed as deficiency or metabolic dkorders. It is uncertain, 
therefore, when a dcinyelinating disorder affects tho brain and 
spinal cord, whether encephalitis or encephalopathy, myehtis 
or myelopathy is tho more appropriate term. Encephalitis and 
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myelitb are employed here as being less cumbersome and better 
known. The following is the most convenient clinico-pathological 
classidcation : 
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2. SPONTANEOUS ACUTE DJSSE3I1NATED 
. ENCEPHALO-SIYELITIS 

DefinUion: zVii acute disorder of the nervous system characterized 
juthologically by focal patches of deuijclination uliicli are often 
perivascular, and clinically by the symptoms of multiple lesions 
esiiccially optic and retrobulbar neuritis, nystagmus, ocular palsies, 
inco-ordination, and signs of pyTainidal defect. 

Synonyms. Acute disseminated sclerosis, acute focal myelino- 
clasis 

Aetiology. 

This variety of acute disseminated cnccphalo.myelitis well illiis- 
tnatos the iliHicultics of classthcation of the deuiychiiating disorders 
There lias been much discussion as to wlicthcr it is pathologically 
distinct from disscniinatcd sclerosis. Many imtcrs, especially 
Anton andWohluill (1912), Rcdlich (1927), and Spielmoycr (1023) 
believe that acute disseminated cncepbalonnyclitis is pathologically 
distinguisiiahle from acute disseminated sclerosis. Others, such as 
Fraenkel and Jakob (1913) and most French wnters, including 
Couriiand (1930), believe that the tuo are identical pathologically. 
Ferraro has recently supported this view. In progressive and fatal 
cases Mith lesions identical with the acute Icsious of disseminated 
sclerosis there is no way of distinguishing tho two conditions, but 
in other cases, clinically similar, recovery occurs and tho patient 
does not relapse. It is such cases which justify tho distinction of this 
form of disseminated cncephalo-myelitis from disseminated sclerosis 

Nothing is known as to the true nature of this disorder. Though 
the general clmical picture is one of infection no organism has ever 
been demonstrated iu tho nervous system, and if the cause is infective 
we do not know’ whether the changes in the nervous system are 
a reaction to the presence of an organism there or are pr^uced by 
the toxins from, or an allergic reaction to, organisms at a distance. 
Ill a few cases symptoms have developed after an acute febrile illness 
described as influenza, or after acute gaetro-ciiteritis. The disorder 
usually affects the young adult, but may occur at any age. Females 
appear to suffer rather more frequently than males. 
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Pathology. 

Since the riew is t^ken that the pathological picture described 
by Marsden and Hurst (1932) as acute focal iu> elinoclasis is identical 
mth that of the acute lesions of disaenunated sclerosis, it need be 
only briefly described. latches of dem 5 'eIination are scattered 
throughout the cerebral hemispheres, cerebellum, brain-stem, and 
spinal cord and predominate in the ubite matter. Tlie patclics are 
sharply cut and may be perivascular. ^Vlthin the patclics tiie axis 
cylinders may be severely damaged or almost intact. Gha cells 
undergo b^’perplasia, especially at the periphery. The blood-vessels 
are generally dilated and suiroonded by lymphocytes, plasma cells, 
and compound granular corpuscles flllcd with fatty material. Tlie 
meninges occasionally show Ij'mphocytie inflltraUoii. The optic 
nerves, cliiasma, and tracts often exhibit Bitnllac dcmyelinnting 
lesions. 

Symptoms. 

Symptoms usually develop acutely, with or %rithout fever. Head- 
ache, vomiting, and giddiness are common at the onset, and delirium' 
occurs in severe cases. The symptoms may be predominanUy cere, 
hral, predominantly spinal, or both brain and cord may bo dUTuscly 
affected There is a tendency for the infection to extend to hitherto 
unaSected parts of the nervous system after a lapse of days or even 
weeks. The s^miptoms of the cerebral type include mental changes, 
convulsions, aphasia, hemiplegia, facmianopia, nystagmus, and 
ataxia of the upper limbs. Optio neuritis may occur, usually bila- 
terally, Cranial nerve palsies are comparatively imeommon, except 
for facial paresis, and diplopia is rare. Symptoms of meningeal 
irritation are usually absent. In the spinal typo pains in the b^k 
and limbs or with a girdle distribution are common. Faracsthesiae 
may occur. Paraplegia of varying severity is usually present, 
associated with sensory loss, which may be confined either to pos* 
tural sensibility and passive movement, or to appreciation of pain, 
heat, and cold. A partial or complete Brown-Scquaid sj-ndrome is 
not rare. Bladder disturbances are present in the more severe cases 
of jiaraplegia. The tendon reflexes may bo exaggerated, but aro not 
uncommonly diminished or lost. The planters aro frequently 
extensor. The cerebro spinal fluid frequently show s no abnormality, 
bwl may exhabat ci rise in or abgbt plcovyiosis. 

Diagnosis. 

Cases witli an acute or fulminating onset require to be distinguished 
from meningitis and from other forms of cnccx>haliti8, cjpecially 
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encephalitis lethorgica, and from poliomyelitis. Although signs of 
meningeal irritation may bo present in the most acute cases, espe- 
cially in childhood, the cerebro-spinal fluid usually shows no abnor- 
mality. In the exceptional cases in which a jdeocytosis is present 
the cells are mononuclear. Tho nbscnco of a polyinorpliouuclear 
pleocytosis differentiates theso acute cases from meningitis duo 
to pyogenic organisms, and the acute onset and normal chloride 
content of the cerebro-spinal fluid distinguish them from tuberculous 
^meningitis. Acute disseminated cnceplialo-mjclitis is distinguished 
from encephalitis lethargica by the infrequency of ocular palsies, 
and especially of iiupUlary abnormalities, and by the frequent 
occurrence of symptoms of massU-e lesions of tlio cerebral hemi- 
spheres, especially aphasia and hcniiplcgia. Tho diagnosis from 
poliomyelitis is based upon Uio absence of muscular wasting, the 
frequent occurrence of extensor plantar responses, and the charac- 
teristics of tho ccrcbro-8]>lnal fluid, which in acute disseminated 
enccphalo-rayoUtis is usually normal, while in the former it always 
exhibits a marked picocytosb, coiD{)oscd at the onset of both 
polymorphonuclear and mononuclear cells, and after tho first few 
days of mononuclear cells only. 

When tho onset of acuto disseminated cnccpha]o'm>olitis is 
subacuto it has to he distinguished from disseininaled sclerosis. 
This diagnosis may be diilicult, but points in favour of acuto disse- 
minated encephalo-myelitis are a febrile onset, impairment of con- 
sciousness during tho acute stage, tho simnltancous occurrence of 
multiple lesions, tho presence of bilateral oi>tio Jieuritis, the infre- 
quent occurronco of diplopia, tho presence of pain in tho back and 
limbs at tho onset, involvement of tho spino-thalamic tracts, leading 
to analgesia and thermo-anaestheeia, and loss of tho tendon reflexes. 
Wlien a patient is seen some time after the onset, tho symptoms may 
bo indistinguishablo from tlioso of disseminated sclerosis, and the 
diagnosis can then bo based only upon the history of tho acuto onset 
and the symptoms of tho early stages. 

Prognosis. 

Prognosis is good, only a small proportion of patients succumbing, 
either after a phase of deepening coma or from intcrcurrent disease, 
such as pneumonia or urinary infection. In the majority of cases, 
after the acute stage, lasting two or three weeks, recovery begins 
and in many cases is remarkably complete, though it may be 
interrupted by relapses duo to exten^on of tho infection to fresh 
regions of the nervous system. In a small proportion of cases there 
may be permanent motor weakness, sensory loss, or reflex abnor- 
malities. 
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Treatment. 

In tbo most acute caws the most raluablo form of treatment is 
drainage of tlio nervoua aj^lcm by lumbar puncture, n-pcated, if 
necessary, twice or tlirieo daily. U'licn the patient is comutoso tlio 
intravenous injection of byijertoiiio eucroso solution may prove 
beneficial by r^ucing cerebral oedema, 23 to 100 c.c. of a ^ per 
cent, solution being given, according to Iho ago of tlie jiaticnt. 
Otbcnvi'io treatment is symptomatic. The treatment of encephalitis 
complicating vaccination and the 8|>cciltc fevers and of disscmbiated 
myelitis with optic neuritis is described eUcwbcro. 
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3 ACUTE DISSEJIINATED ENCEPHALO-JIYELITIS COMPLI- 
GATING ACUTE INFECTIOUS DISEASES OF CHILDHOOD 


Definition: acuto disonlcr characterized by demyelination of 

tho nervous system, usually with a perivascular distribution, and 
by symptoms of dauiugo to the brain and spinal cord, especially 



Fio. 50. Fost.>accuial cntvplialo in>c]iti3 8|iuial cord, T. 9. Perivascular 
Olid marginal zones of demyelination iuKl«largoarcaQfconlUieut demyelination 
mtlio left lateral column and grey matter. (Kindly lent by Prof. H.M, Turnbull.) 


in the white matter, occurring in tho course of infection with the 
causal virus of one of tiie exanthemata, sucJi as measles, German 
measles, sraall.pox, vaccination, and probably mumps and chicken- 
pox, and antirabic inoculation. 

Synonyms: Acute perivascular myeimoclasis. 

Pathology. 

Naked-eje changes consist merely of congestion and oedema of 
tho nervous system ilicroscopically (Pig. 50) there is marked peri- 
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vascular infiltration of tii© brain and spinal coni mtU Ijmpbocj lC3 
and plasma cells both within tho perivascular spaces and stili more 
conspicuously at a greater distance irom the vessels. Zn the white 
matter the most st ridin g faitore is the presence of zones of demyeli- 
nation, that is, loss of the myelin sheaths of the neurones, around 
the vessels, especially therdns. Thegrey matter also show^ degene- 
ration and in^tration. The most intense changes are found in the 
lumbar and upper sacral regions of the spinal cord, and in the ]wns. 
In the midbram the substantia nigra is tho structuro most oiTected. 
lofiamniatory changes may be present throughout the n hole length 
of the nervous system. Meningeal infiltration, is relatively slight. 
Hcrkenrath ( 193 o) reiwrts a case of recovery from post-vaccinal 
encephahtis followed by death from another cause eighteen months 
later. The nervous system showed no abnormality except some fat- 
laden scavenger cells in tbe perivascular spaces of the cerebellum, 
pons, medulla, and spinal cord. It is inferred that the process which 
acts in perivascular demj’elination is capable of complete revcr>al 
rcsolts ending in clinical and anatomical rccoveiy'. 

Aetiology. 

The most obvious explanation of Iho aetiology of this fonn of 
enccphalo-m} cUtis is tliat tho changes in the nervotu systoin are 
the direct result of its invasion by tho virus of tbe ezanthem, Mhich 
has occasionally been found in the nervous system after the develop, 
mcot of encephalitis. This view, however, now baa few adherents 
since it has not been possible to produce experimentally tho patho- 
logical picture of acute perivascular m;}‘clinocla£is by means of the 
virus in question, and inoculation of the nervoua system with vac- 
cinia! virus and vnth rabies virus docs not cause dem3rclinutioo. 
ilorcovcr, it seems unlikely that on identical pathological picture 
would bo produced by so many dilTercnt v iruscs. An alternative 
view proposed is that the rnrcplialitU is duo to some otlicr vmis 
common to all the patients and aroused into activity by the oxaii- 
them. Tliis would explain the common pathological features and 
also perhaps the innvased incidence of tins form of encephalitis 
during recent 3 cars. It would also explain tho occasional spon- 
taneous cases of acute jx-rivascular m3cliao(lasi3 arising unprcc^cd 
b3’ an exanthem. 2v'cv crtbclcss no dcin3'clinating virus has cv cr been 
shown to exist and all known ncurotropic viruses produce quite 
ilifTcrent {lathological changes, so that iuan3' will agree with Hurst 
(l 93 o) that there is no cvidenco that acute disecmiuatcd encephalo- 
myelitis is duo to a virus. 

third h3'potLe!us postulates some unusual process intervening 
between the original infection and the change in tho nervous S3stcm. 
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Thus Glanzman (1027) believes that tho encephalitis is the outcome 
of an allergic or hyperergic process, tho nervoua sj'stem having in 
some way become sensitized to tho original vim?. Van Bogaert 
(1932, 1933) considers that tho involvement of the nervous sj’stem 
is duo to a lack of tho normal defensive reaction of the skin and ex- 
plains the occasional occurrence of multiple cases in one family as 
a result of inherited deficiency of the capacit}' for developing immu- 
nity. Finley (1037, 1038) on tho haais of the incubation period 
links the encephalitis with tl»e general eruption and a coincident 
allergic reaction in the brain. No explanation is completely satis- 
factory, but tho last is perhaps the most suggestive and acco^s best 
with the therapeutic value of immune scrum and with tho observa- 
tions of itivers and Sebwentker (1033) that a dcniyclinating ence- 
phalo-myclitia could bo produced in monkeys by repeated injections 
of brain material and with a case reported by Russell (1937) in which 
perivascular areas of dcmyclination occurred during arsidicnamino 
medication. 

(For tho clinical features of Iho different varieties see below ) 
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Post -Vaccinal Encefiialo-aiynlitis 

Aetiology. 

Seep 470. 

Pathology. 

See p. 475. 
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Epidemiology'. 

Xervous complications, for example hemiplegia, following Tacdna- 
tion bare been known siaco 1860, but appear to hare been isolated 
occturences until 1922, since irben epidemics of post*vnccinal 
encepbalo-my elitis have occuirei). Xinety-three cases were reported 
m England between Xovember 1922 and Xovember 1927, and one 
hundred and twenty-four cases had been obwiwed in Holland prior 
to the latter date. Cases have been observed elaowbere in Europe and 
the United States, though they have been much rarer than in tho 
countries mentioned. Post-vaccinal encephalo-niyelitis is a rare 
complication of vaccination. In Holland it has been estimated that 
one case occurred in over 3,000 persons vaccinated. It follows 
primary vaccination much more irc^ucnily than revaccination, tho 
mcidence in Holland being approximately one ease in 2,300 primary 
vaccinations and one case in 50,000 revaednations. It is practically 
unknown in infants vaccinated under tbo age of 1 year and most cases 
have occurred in children of school ago. Though no age is exempt, it 
is rare after 30. Both sexes are affectc*! equally. 

The condition has occurred in epidemic's which liave coutcided 
with an increase in the number of persons >acciDatcd owing to the 
prevalence of aniall-pox. In the Englbh outbreak of 1923 the jl 
casea reported were distributed across the country Iroin Exeter in 
the south-west to Morpeth in tbo north-east, with an extension to 
London and the home counties. There U no evidence of spread of 
the disorder by contagion or by any other method of dissemination 
from one place to another, but it has been noticed that there are 
often proportionately more cases in small communities and rural 
areas than in large towns. In several ca.«cs two members of the s.'imo 
family who had been vaccinated at tbe same time both developed 
encephalo-myelitis. The source of vaccine lymph does not appear to 
be of any actiological significance. 

Symptoms. 

Ineulalion Peri<xl. 

In most cases tbe symptoms of cnccphalo-m\ elitis develop betw ecn 
the tenth and the twelfth days after vaccination, though tho on>et 
has occurred as early as the second day or as hvte n.i tho twenty-fifth. 
There is evidence (hat when tho disorder folioww reracchiation 
the incubation jieriod is less than when it occurs oiler primary 
racciaatica. 

Si/mpfoTTU. 

Tlje onset b usually rapid and is charactorbed by heafl-iclic, 
vomiting, drowsiness, focr, and in some ca&cs convubions. Wlieii 
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fully developed the cliiucal picture is usually that of meningeal 
irritation associated with widespread disturbanco of function of the 
brain and spinal cord. In severe cases drowsiness passes into stupor 
and coma. Cervical rigidity and Kernig's sign aro often present 
The ocular fundi aro usually normal, but transient j)apilloedema has 
occasionally been observed. The incidence of ocular abnormalities 
is variable. In some cases impnirment of tbo pupillary rcfleiea and 
ocular palsies ha\ o been present. In otbera they have not been noted. 
Trismus lias frccpicntly been described, and more than one case lias 
been mistaken for tetanus on account of this symptom. Flaccid 
paralysis of some or all of tbo hinbs often develops, associated with 
lass of tendon reflexes and extensor plantar responses. Retention or 
inconlinenco of urine and faeces is the rule in severe cases. Sensory 
loss is inconstant, but may be marked when the spinal cord is 
severely affected. The cerebro-spinal fluid is frequently normal, 
though under increased pressure. An excess of mononuclear cells 
and of protein may be found. Tbo cutaneous site of vaccuiation 
shows the usual inflammatory cliangcs corresponding to the stage at 
w hich tlie patient comes under observation. Not uncommonly there 
is a severe local reaction, and in a few eases a generalized vaccinial 
rash has been observed. 

Diagnosis. 

The diagnosis rarely presents any difficulty, since there is a liistory 
of recent vaccmatioii and the ctifaneous lesions aro still visible. 
Apart from tliis tbe clinical picture cannot bo distinguislied from 
other forms of acute disseminat«l cnccphalo-myelitis occurring spon- 
taneously or complicating the exaiUlieniata. Tiic severe involvement 
of the substance of the nervems s^'stem indicated by flaccid paralysis 
distinguishes the condition from meningitis, while the presence of 
signs of meningeal irritation and Iho subsequent occurrence of con- 
vulsions, trismus, and paralysis of the limbs, together with the 
inconstancy of ocular abnormalilics. distinguisli it from epidemic 
encephalitis lethargica. Post-vaccinal enccphalo-myelitis is dis- 
tinguished from poliomyelitis by tbe fact that the paralyses, though 
flaccid, are not associated with wasting of tlie muscles, and by the 
presence of extensor plantar responses and in some cases of sensory 
loss. In poliomyelitis, moreover, tlie mental state of the patient is 
usually little affected. 

Prognosis. 

The mortality rate is high, ran^g from 30 per cent, to over 50 per 
cent, in different epidemics. In most fatal cases the patient dies in 
coma from medullary paralysis within a few days of the onset of the 
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illness. Less Ijreqaently death is doe to broncho-pneumonia or in- 
fection of the urinary tract. If tccorerj' occurs it is usnaliy rcmark- 
abJy complete and residual symptoms are eiceptional. In some cases, 
how GTcr, there may he somo persistent loss of pow er or sensory loss 
or, in the caso of young childrra, mental defect. 

Prophylaxis. 

With the object of prerenting post-vaccinal cncephalo-mj elitis as 
far as possible, the ^linister of Health has mode a number of recom- 
mendations contained in the Vaccination Order, 1929. Since the 
main incidence of post-vacdiial encephalo-myclitis falls upon pre- 
nously unvaccinatcd adolescents, the opinion is expressed that ‘as 
long as the small-pox prevalent in this country retains its pit^nt 
mild character, it is not generally expeidicnt to press for the vaccina- 
tion of persons of these ages who liave not previously been vac- 
cinated, unless they have been in personal contact with a case of 
small-pox or dircctlj' exposed to sroall-pox infection’. Only subjects 
who are m good health should bo s accinatod, and subjects who haro 
recently been exposed to measles, scarlatina, diphtheria, or erysipe- 
las should bo vaccinated only in cases of urgent necessity. In all 
ordinary cases of vaccination or revaccination the operation should 
be carried oot in one insertion, preferably by a single linear incision 
or scratch, not more than a quarter of an inch long, merely tlirough 
the epidermis, in the long axis of the limb. But w here the maximal 
protection against small- pox is desired, the number of insertions may 
be increased, but should not exceed four. In no circumstances should 
the vaccinated area be cross-scarified or cross- hatched. 

Treatment. 

The most effective treatment of post-vaccinal enccphalo-myelltis 
appears to be the administration of immune scrum. This is oiien 
obtamable from a relative w ho has been vaccinated at the same time 
as the patient. In some cases that of an individual vaccinated several 
years previously has proved effective. In case human Immuno serum 
is not available, antivaccinial horse scrum has been prepared at the 
Lister Institute. Immune serum has been administered intrathecally, 
but appears to be equally effective if gii'cn intravenously in a dose 
of 10 c.c Good results have also been claimed for the intra- 
muscular mjection of 10 c.c. of citrated whole blood, which pos- 
sesses the advantage of being much more cosily prepared than blood 
serum The immune serum or blood ^ould bo pven at the earliest 
possible moment. Striking and rapid reco^'cry has followed its use. 
Repeated lumbar puncture is a valuable adjuvant method of treat- 
ment. 
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EnCEPIULO-JIYELITIS CoWrUCATlNO SsiALL-POX 
The occurrencB of nervous symptoms as a complication of small- 
pox has been knowm for many years, but is a rare event, having been 
observed in only approximately 2-o cases per 1,000 persons suffering 
from small-pox. Tho pathology of the condition Tvas little studied 
until lately, but tho recent investigations of Troup and Hurst and of 
Mackintosh and Scarff have shcrun that tlio pathological changes in 
the nervous system are indistinguishable from those of post- vaccinal 
encephalo-mjelitis. In some cases bulbar symptoms, especially 
dysarthria, have been prominent, and these are sometimes accom- 
panied by paralysis of the hmbs. In other cases bulbar symptoms are 
absent and paraplegia occurs, with or vnthout sphincter disturbances 
and impairment of sensibility. Mental changes are sometimes present. 
In many cases recovery occurs and is strikingly complete, but the 
patient may die during the acute attack or subsequently, from 
urinary infection or other complicatums of paraplegia. Treatment 
is tho same as for post- vaccinal encephalitis. 
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E^CI:^IU^X)•3lYiX^^S COMrUCA’mo il£AiI.ES 

Aetiology. 

Sco p. 47 G. 

Pathology. 

See p. 47j. 

S>'Tnptoms. 

N'cnoua fompUcations of measles have Uen known for orcr a 
ccntuiy, but api>car to have become more coiumot) duriog recent 
jeara. Tbo onset of symptoms is usually four to six days after Uio 
beginning of the when Ibo fever has fallen and tbo rasU ia 

fading. Ford {lO.S} bos renewed tbe htcraturo and disttnguubes 
a number of cliaical t^jics. It U probable that oculo perivascular 
mjclinoclosu is not tbo (tatbological baeis of all tbo nervous compU* 
cations of mc.-\sks. 

(1) Tbe nervous symptoms may bo rebitivcly mild and transient 
and present a clinical pictun; resembling ‘mcningisin’ or '‘senna 
meningitis*. In such c.acs headache, stu|jor. signs of meningeal 
irritation, and sometimes convulsions occur, but focal lesioiu of tbo 
substance of the nerv ous sy otem are abiciit. 

(2) Multiple focal or ddfo-'O lesions of tbo nervous sy'stem may 
occur, involving the tx-rebral cortex, ba^al ganglia, brain-stem, 
cerebellum, and »]ilna] coni in various combinatioiu. 

(3) There may bo a single focal cerebral lesion, hemiplegia and 
apboxia being the commonest. 

(4) Tbe symptoin-s may bo predominantly those of ec-rcbclUr 
defidcncy. 

(2) Tbo spinal cord may bo mainly aifectcil, tbo rlinica] picture 
being on acute osccntling panUy»is Icmling to (oraplcgia, with or 
without concurrent involvement of the brain. 

(C) Other nervous symptoms are rare. Papillocdcnia bos been 
oWrved, .vnd symptoms resembling th(MS of the toxic {bychoM-s 
may occur. Tbo (ervbro-spinal llnid ouy be normal or may bLow a 
moderate incTraec in lympbocyies and protein. 
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Diagnosis. 

Tlio diagiiosis is usually easy, since the measles rash is generally 
present when the nervous syniptoms develop. If the attack of measles 
has passed unnoticed tho disorder cannot bo distinguished from 
other forms of aeuto disseminated enccphalo-myelitis. 

Prognosis. 

Tho mortality rato is !0 per cent. (Ford), Complete recovery, 
houever, occurs in only 25 jjer cent., tlio remaining 05 jwr cent, 
being left witli residual symptoms, of uhicli tho most important are 
hemiplegia, ataxia, mental defect or change of personality, and 
epilepsy. 

Treatment. 

The child should bo guen convalescent scrum, if this is obtainable, 
preferably from an individual who has had measles not more than 
a year proviously. Tiio serum should be given intramuscularly, or in 
sovero eases intravenously, in doses of 10 e.c , which may bo ro* 
{watod as required. 

Daily lumbar puncture should bo carried out during tho acute 
stage. 
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EsCSPUALO-ilVELITia COSlFLlCATVSa GeIUIAS TtlEASLES 
Nervous complications of German measles are very rare, but in at 
least one case the pathological picture has been that of acute dissemi- 
nated encephalo-myelitis with perivascular demyeiinatfon. As in 
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the case of mumps, howerer, other clinical pictures are seen. Slenin- 
geal symptoms hare been reported in a few cases and both ascending 
paralysis of the Landry type and polyneuritis hai o been encountered. 
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Es'cephalo-myelitis CburucmxQ CiiicKEX-rox 
Encephalitis and m3elltis are rare compUc.aLions of chicken-pox, 
but more than SO ca.ses have been reported during recent 3'car8. 

Pathology. ’ 

Oidng to the benign nature of tbe disorder there hare been feir 
opportunities of stQd3'ing its pathology. Although perivascular u>' 
filtration and demyelination have been described in 2 cases, areas 
thus affected were rer}’ circumscribed In both and other clionges 
not part of tbe pathological picture of the dcmyelinating diseases of 
tbe nervous system have been observed, particularly degeneratioa of 
ganglion cells. Van Bogaert has report^ circumscribed foci in tbe 
white matter and a more diffuse affection of the gre3’ matter of the 
cerebrum and cerebellum, lesions resembling young placpics of dis* 
seminated sclerosis, ^ligct has reported a cose in which infiam- 
matory infiltration of the leptomeninges was tbe most conspicuous 
feature. 

Aetiology. 

It is not certain, therefore, whether encephalitis compheatmg 
chicken-pox belongs to tbe same group os encephalitis complicating 
vaccination, measles, and .■unall-pox. Iho causal organism of cliickcn- 
pox is closely allied to, if not identical with, that of hcqies zoster, 
w liich is a neurotropic agent probably a virus. It is possible that the 
potential neurotropic propensit3r of the virus of varicella leads it at 
times to invade the nervous S3'i>tctn and that the encephalitis so 
produced is different from the demydinating form. Almost all the 
recorded cases have occurred in children at an average age o£4 3’ear3. 

S3’n)ptoms. 

Symptoms of involvement of tho nervous 83’8tem develop in soch 
cases between tho fifth and tho twentieth day’ after the appearance 
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of tho rash, usually duriog the first half of the second week. The 
onset is acute, and is characterized by fever, headache, vomiting, 
and giddiness, and sometimes by delirium. The disturbance may 
be mainly meningeal, mainly cerebral, or mainly spinal. Tlie menin- 
geal form is charactenzed by the usual symptoms of meningitis with 
little or no evidence of invedvement of the substance of the nervous 
system. A cerebral incidence is twice as common as a spinal. In tho 
former, uico-ordination is tho commonest symptom, occurring with 
or without involuntary movements. Tho ataxia is often so gross as 
to render the child mcapahle of walking. Tremor and choreic or 
chorco-athetold movements occur in some <asc3. Signs of pjTainidal 
lesioiis may bo present, but diplegia and hemiplegia are rare. Oph- 
thalmoplegia has been observed. Ttio spinal lesion usually produces 
tlie picture of a transverse myelitis at the dorsal level of tho cord. 
Tho spinal fluid may bo normal, or may show an excess of cells, 
usually mononuclear. 

Diagnosis. 

The cause of the nervous symptoms is evident when tho diagnosis 
of chicken-pox has already been made. If, however, tliis has passed 
unnoticed, the encephalo-myelitia cannot bo distinguished from 
other forms of acute disseminated encepbalo-inyclitis, except that 
the frequent involvement of the cciebcllum appears to be jieculiac 
to encephalitis complicating chicken-pox. 

Prognosis. 

Tho prognosis is good, both as to life and as to recovery of function. 
Death is very rare, and. in 90 jwr cent, of cases complete recovery 
occurs. 

Treatment. 

Tho child should be given coornlcscciit serum, if this is obtainable, 
preferably from an individual who has had chicken-pox not more 
than a year previously. The serum should be given intramuscularly 
or in severe cases intravenously, in doses of 10 c.c , which may bo 
repeated as required. Daily lumbar puncture should be carrie<l out 
during tho acute stage. 
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4 DISSEilEN'ATED .MVEUTIS WITH OPTIC NEURITIS 

Synonym: Acute disseminated mjelitU; diffuse myelitis tritli 
optic neuritis; ncuro-myelitts optica; opbUtalmoneuromi'elitla; 
Deric's disease. 

Dejfntfion: A form of etibacute eacephalo.myelitis cliaractorizeil 
by maasire demje]m.i,tion of Ibe optic nerros and spinal cord, 
sometimes running a self-Umited and sometimes a progrc&dre 
course. 


Pathology. 

Both optic nerves and spina] coni exhibit mo-ssive demyelination. 
The loss of myelin sheaths is found in the optic nerTcs and chiasma, 
and m the spinal cord may be limited to a few segments, usuaUy in 
the lower cervical and upper dorsal region, or may be more diffuse, 
extending through the greater part of the cord’s length. In severe 
cases cavitation may occur. Mmked perivascular infiltration is not 
only present in the dem>elinated areas but may be found through- 
out the nervous system. The infiltrating cells are principally' mono- 
nuclear, but polymorphonuriear cells may also be present. In the 
demychnated areas there is a great muUipUcatjon of vessels sur- 
rounded by many fot granule cells and also neuroglial cells, though 
with little formation of new neuro^ial fibres. To the naked eye the 
affected areas are swollen, congested, and softened. 
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Aetiology. 

Both pathologically anti clinically this disorder is closely related 
to disseminated sclerosis, differing from tho latter, however, in the 
tendency to a more massive and necrotic type of lesion, and the 
occurrence of recovery hi some caaes. The same problems of aetio- 
logy arise as in the case of disseminated sclerosis, and only when they 
are solved will it be possible to decide the relationship of the two 
diseases. The cause of Dovic’s disease is unknown. It is rare and 
affects both sexes at all ages from 12 to CO. McAlpino (1938) has 
reported its occurrence in identical twins. 

Symptoms. 

Either tlic ocular or the spinal lesion may develop first, and these 
events may bo separated by days or weeks, or both may occur 
simultaneously. Usually one ejo is Crst affected, to bo followed by 
the other after an interval varying from a few hours to several weeks. 
Rarely the onset of the myelitis intervenes between tho affection of 
tho two eyes. 

The ocular lesion may be a true optic neuritis or a retrobulbar 
neuritis, depending upon w bother it is situated sufhcicntly anteriorly 
to involve tho optic disks In tho former case papilloedema is present, 
tliough the swelling is usually slight; in the latter the disks aro 
normal Tho characteristic held defect is a bilateral central scotoma 
In severe cases blindness may lie complete or almost so Homony- 
mous field defects have been describe. Tlio two c>C3 are often 
unequally affected Pain in tho eyes is often severe and is accentu- 
ated by moving them and by pressure upon tlie globes. 

The spinal cord lesion, tlio onset of which may be associated with 
severe xiain in the back and limbs, leads to the usual symptoms of 
transverse myehtis, >nth jiaralyris of the upper motor neurone typo 
and loss of some or all forms of sensibility below the level of the 
lesion and loss of sphincter control. When, as frequently happens, 
the cerrical region of the cord is involved a quadriplegia results. 

Tho cerebro-spinal fluid may show no abnormality or there may 
be an increase of protein and globulm and an excess of cells, which 
arc usually mononuclear, though occasionally polymorphonuclear 
cells have been described. There is no cliaractcristic colloidal gold 
curve 

It is probable that the disorder may abort after the development of 
optic iieuntis and before tho spinal symptoms appear and that tho 
reverse may also occur, so that cases of acute bilateral optic neuritis 
or retrobulbar neuritis without other symptoms and also cases of 
acute transverse myehtis without optic neuritis may belong to this 
group. 
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Diagaosis. 

The presence of bilateral optic neuriiu may suggest a diagnosis of 
intracramal tumour. In optic neuritis, however, the papilloetlema 
ia slight in proportion to the severity of the loss of vision and the 
characteristic held defect is bilateral central ecolomaa in coutr^t to 
the penphcral constriction of the fields associated with x^apUlocderaa 
in mcreased intracranial pressure., iloreorer, in cases of optic neuritis 
headache and vomiting axo absent, though pain in the eyes may bo 
severe. 

Du>seminated sclerosis may bo simulated on. account oV the 
association of optic or retrobulbar neuritis with a spinal !c.iion. In 
disseminated sclerosis, however, optic neuritis is very rarely simid- 
tancously bilateral and the coincidence of bilateral optic neuritis 
with myelitis is unknown. 

Syphilitic myelitis can be dhlingitisbcd by serological tests. 
Prognosis. 

The mortality rato is about oO per cent., dcatli occurring cither 
from respiratory paralji>is os a result of tlio upward spread of the 
myebtis, or from infections of Uie skin or urinary tract comidicating 
the paraplegia. If tho patient survives, recovery is often remarkably 
complete. Complete blindness may* be followed by a coii5{<]crablo 
return of vUion, though some degree of optic atru])hy is likely* to 
persist. Similarly, the functions of tho spinal cord may bo largely, if 
not completely, restored. Recoveiy, once achieved, may bo perma- 
nent, but progresolre and relapsing cases occur. 

Treatment. 

In the absence of knowledge of the cause, treatment can only* be 
symptomatic. Pain in the eyes sbouM be treated by mustard leaves 
applied to the temples. Large doses of iodido may hasten removal of 
infiammatory products in tbo nervous sy^stem. The administration of 
arsenic, whether by the mouth or intravenously*, is contra-indicated. 
The usual measures for the care of tbe skin, urinary and intestinal 
tracts, and musculature, which are requited in paraplegia, will bo 
necessary. 
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5. DISSEJHNATED SCLEROSIS 

: 3Iulti(>le achtosia ; insular sekwsis. 

Definition: A dihcnso of vinknown aetiology characterized patho- 
logically by tho widespread oceurrcnco in the nerrous s^'steni of 
patches of demyelination followed by gliosis. In most cases the early 
rnanifestations of the discaso aro foilotvcd by conspicuous improro- 
ment, 60 that reniiasiona and relapses aro a striking feature of tho 
disorder, the course of which may thus be prolonged for many 
years. Tho early symptoms are often those of focal lesions of tho 
nervous s^-stetn, whilo the later clinical picture is one of progressite 
dis»cmination tending to produce tho classical features of nystagmus, 
dj'sartliria, inContion tremor, and a(a.Yic paraplegia. 

Pathology. 

TIio pathological ‘unit’ in disseminated sclerosis is a circum- 
scribed patch of nervous tissue in which (ho pathological process 
begins with destruction of tho mjcliu sheaths of the nerve fibres 
and to a much less extent of tho a.Yis eyh'nders, and ends with the 
formation of a ‘sclerotic plaque’ (Fig. 51). These patches predom- 
inantly affect the white matter of (bo brain and spinal cord. They 
are sometimes found in tlie grey matter of tho cerebral cortex and 
in tho cranial and spinal ucrv'e roots, rarely in the grey matter of 
the spinal cord. JIany wnters have stressed the perivascular dis- 
tribution of many of tho patches, though DawsOn points out that 
‘the changes appe.ir within but do not coincide with the area of 
distnbution of tho arteries’. Putnam emphasizes tho relationship 
ofthopatches to tho cerebral venules. Tho optic nerves and chiasma, 
the neighbourhood of (bo cerebral ventricles, and the subpial region 
of the spinal cord are favourite sites. 

7b iho nak&i eye tho sdewiio pAiqae appeare sb'ghtty sonfeen, 
greyish, and more translucent than normal nervous tissue. In the 
acute stage of a patch tho blood-ressds are dilated and tho perivas- 
cular spaces contain fat-gnmule cells and frequently also lympho- 
cytes and plasma cells. The m^'elin of the nerve sheaths is undergoing 
degeneration and tho axis- cylinders show diffuse or irregular swellings 
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and otlier abnormalities. Even at this stage, as Greenfield and Iving 
point out, there is a conspicnoos proliferation of the fibroglia. In 
late patches the destroyed myelin has been removed; the axis- 
cylinders are reduced in numbtf, and some of those persisting show 
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abnormalities, and there is a dense condensation of the original 
glial meshwork. 

Aetiology. 

Earher pathologists regarded the gUoiis as the primary' change, 
hence the name disseminated ‘sclerosis’. The modem view is that 
the glial overgrowth is either a scar reaction to the earlier infiani- 
matory and demyclinating pwess, or that it is simultaneously 
evoked by the same agent which causes the destruction of the 
myelin sheaths. A largo vanety of aetiological theories have been 
proposed. The lUscaso has been attributed to infection by a sjriro- 
chaete (Steiner and others) or a filterable virus, but it bos never been 
transmitted to animals and the negative evidence against infection 
far outweighs the positive. The modern tendency is to stress con- 
stitutional factors, A myclin-spliltingfenucnt in the hloQ<i haa been 
described (Brickner). Putnam attcibntea the p-itches to thromlioids 
in the cerebral venules and links this with a tendency to increased 
coagulability of the blood described by Simon and Solomon. Dattncr 
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finds a liigli incidenro of a positive complement fixation reaction for 
tuberculosis and of gastric hyi>ochlorhydria or achlorhydria. Poison- 
ing with lead has also been invoked. 

The Role of hiherilcd Predispoiitum. 

Multiple cases of disseminated sclerosis in the same family are not 
uncommon. Curtiua in 1933 collected 84 references to this in the 
literature. In most instances two sdbliugs are affected. Affection of 
two successive generations is less common. The proportion of 
pat ieuts with disbeininated sclerosis who have a near relative similarly 
affected is probably between 5 and 10 lier cent. This is much lower 
than that found in tho case of diseases in the aetiology of which 
heredity is the principal factor. Curtins, how ever, has found evidence 
that a general neuropathic tendency may play a part in causation. 
The parents, siblings, nephcKs, and nieces of 56 patients with 
ilisseiuinatcd sclerosis showed a far higher incidence of nervous and 
mental diseases than a control group of 56 patients with fractures. 

Preeijiitaling Factors. 

A lai^e variety of events may immediately precede the onset of 
tiiD illness and may reasonably bo regarded as precipitating factors 
though their mode 9 f operation is unknown. Such precipitating 
factors were described by 24 out of 03 patients Been within a short 
time of the onset of the first symptoms. They include influenza and 
infections of tJje apiKr respiratory tract, the specific fevers, preg- 
nancy, tho puerperium and lactation, surgical operations, the 
extraction of teeth, carbon monoxide poisoning, and electric shock 
Trauma requires special consideration. The proportion of cases in 
which tho onset of the disease follows trauma is small, no more than 
5 to 10 per cent , and it is jxissiblo that in some cases tho trauma is 
the result of tho disability duo to tho disease and not its cause. 
Tlicre is no conclusive statistical evidence that trauma is an aetio- 
logical factor, but it is possible that in isolated cases it operates as 
a precipitating factor like those just mentioned. 

Dhtribulhn, Age, and Sex. 

Disscimnated sclerosis is most prevalent in If'orthern Europe and 
Switzerland. It is much less common in Korth America and rare in 
the tropical countries. In England and Wales there are approxi- 
mately 200 cases per mfliion livmg persons. In Switzerland tho in- 
cidence is nearly double, and in tho United States only one-quarter 
of tho English figure. The urban incidence is slightly higher than tho 
rural, but occupation appears to bo of no importance in aetiology. 

Tlie disease principally attacAa young adults. In two-thirds of all 


492 DEJIYELTNATIXG DISE.\SES 

cAscs it begins between 20 arnl 40, rather more oflen in the iJiinl 
than the fourth decade. Its occurrence below the ago of 10 is doubt- 
ful. but it U occasionally seen in children between the agc.s of 12 and 
lo. In only 7 jier cent, of cases U the ago of onj>ct over 00. In moot 
pubhshed series males have been rei>ortcid nioro often than females, 
but in England the rovcroc Is the ease, fcnialo patients out-numbering 
males m tbo ratio of 3 to 2. 

Symptoms. 

The Cliniail PictUTt. 

Tbo luktural hUtoiy of the dioeaso produces a very varied clinical 
picture. In the early stages it U oflen that of a single focal Icoion, 
acute or, during a reiuioaion, quicocent. As Unio goes on the cumu- 
lative cifects of earlier lesions coiiatitute a persistent background 
of incajiacity u/x>n which fresh ilio.ibiIitic3 duo to new lesions are 
supcrini;)o»>cd. The early stages thus usually sliow long and often 
remarkably complete rcmi»sions, while later tho patient’s condition 
fluctuatc-s only to the small extent that fresh lesions temporarily 
regrcas. i 

J/oJe oj Onttl. 

Tho onset of (ho itlnci>s is usually (he rapid dcrelopmont, within 
a few* hours or a day or (wo, of symptoms of a ringle focal k-Aioii of 
the white matter of tiio nervous system. Much Ic.ss often Hytnploms 
appear in.Mdiou.dy. in n uriea of 100 coni«ecutivo p.itienU the first 
symptom notievd iras os folloirs: 


Il'caX-acM or Iom of contn*! orcr Utnbs. .Vo. 
Invoicing both lovrer limbs . . . .IS 

Involving ODO torn r lunb. . . . .14 

Involv ing ono up{>>.r luiib. .... 9 

Involving ono uppvrnntlono louirliinb . . 7 

Inv oUuig all four bmbs ..... 2 


— .V) 

Visual #yui;4uf>u. 

‘ niinilncM' in ono cjo ..... 1C 

I^oublo visjon S 

■I>minc»«’ of viMoii 4 

II»inon>'moiu I'll tl .... I 


Htnsori/ syinjifoms, 

N'unibnoM aifl ullv r j>auiIiv>s|i>ir»ritb'M 


. It 
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Miscellaneous syinjtlonis. 
Vertigo ...... 

Tremor ...... 

Multiple Bjinptonis .... 

Pto^js ...... 

L0'>3 of taato ..... 

Epilepaj- 

Itnpotcneo ..... 


2 

2 


10 


TJjhs >\ e.'jknes^ of oj>© or both lower limbs is tho first symptom in 
about onc-thinl of all ca&c,i, and a disturbance of vision in almost 
one-third more. Sensory symptoius which cause no disability aro 
often forgotten and probably occur more frequently than in 11 per 
cent. Patients who aro carefully questioned at tho tiiuo of onset often 
describe symiitoins of multiplo sntall lesions occurring within a 
period of a few w ccks. Weakness of the low cr limbs is the commonest 
presenting s^iiiptom in patients in whom the disease develops 
insidiously, and in those in whom it begins after 3o. 


Ulolor Symptoms. 

Motor irmbness. Loss of power in tho lower limbs is first mani- 
fested os fatiguability or a feeling of heaviness and later as spastic 
paraplegia Sometimes sudden weakness of one upper limb occurs, 
often assocktc<I with marked loss of postural sensibility in the 
flngcrs->-tho ‘useless band’ of Oppenbeim. Facial weakness and 
hemiplegia occur occasionally. 

Muscular wasting is very rare owing to tho infrequency of involve- 
ment of tho anterior horn cells in tho patches, but au ‘amyotrophio’ 
form has been described, and wasting may occur in any group, but 
most often in tho forearms and hands. 

Inco-ordinalion is frequently present. In tho upper limbs it usually 
takes tlio form of intention tranor, a tremor occurring only on 
voluntary movement and increasing in intensity tho greater the 
accuracy demanded of tho movement. In touching tho nose with 
the finger tho tremor increases in amplitude as tho finger approaches 
the nose. The same phenomenon is sho^vn if the patient be asked to 
touch liis own nose and the observer’s finger alternately, and also 
in lifting a glass of w ater to the lips. In the lower hmbs inco-ordina- 
tion is evident in an ataxic gJdt. Tremor of tho head is common in 
the Jato stages. 

Dysarthria may bo due either to spastic weakness or to ataxia of 
tho muscles of articulation or to a combination of these factors, 
lu tho early stages articulation may be slurred, later it may become 
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explosive and almost unintelligible. He ‘syllabic* or 'hcaiining* 
BiKJech, sometimes regarded as typical, is exceptional. Transitory 
aphasia is rare. 

Smsortj S'jmi^oms. 

Paracstbesiao occur at some period of the disease in most cases, 
commonly in the form of numbness and fonnicatioii over ono side of 
the face or one upper or loirer limb. When there is a jiatcb in the 
pasterior columns of the cervical cord a sensation resembling an 
electric shock may radiate through the body on flexing the cendcal 
spine. Pain is uncommon except in the back but typical trigeminal 
neuralgia, which is sometimes bilateral, is occasionally encountered. 
Objective sensorj’ losa is present in at least 50 j)cr cent, of cases. 
Defect of postural sensibility and of .ipprceiation of vibration is the 
commonest disturbance, but cutaneous sensibility may also be 
unpaired. Inability to recognize objects pUced in the baud may' 
occur as the result of a plaquo in the column of Buniaeh in the 
cervical region. There may be a sharply defined upper level of 
sensory loss on the trunk suggestive of a spinal tumour. 

OtxHar Sfjjnplamt. 

Acute unilateral retrobulbar nciuitu is ono of the most important 
early symptoms of the ilisease. It occurs most often bctuccn the 
ages of 20 and 30. The vision of one eye becomes mUty anil in 
twenty-four or forty-eight hours is reduced to a ]icrce])tion of hand 
movement or of light only. Tho eye is painful on movement and 
tender on prcwurc, and there is n central scotoma larger for red and 
green than white. Tlio optic disk is usually nonnal in appearance 
during the acute stage, but if the lesion is ne-ar tho disk papillitis may 
occur, though the swelling is usually sb'cbt. In a few weeks vision 
improves, but the residual damage to tho nerve manifests itself in 
some degree of optic atrophy — pallor of tlio disk, c-spocinlly in its 
temporal half — and often a persistent though smaller central 
scotoma. Permanent blindness is very rare. Simultaneous retrobul- 
bar or optic neuritis in both ejes is uncommon in disseminated 
sclerosis but undoubtedly occurs. The lesions of tho optic nerves may 
be so insidious os to produce the charactcristio temporal |iaIlor of 
the dLvk, which is found in over 50 per cent, of cases, wjtliout tho 
patient being aware of any impairment of vision. Lc«ions of tho 
optic chiasma and optic tracts aro uncommon, and when they occur 
cause dLtinctive defects of tho vb-ua) fields. 

Nystagmus present in at least 70 per cent, of ca.'ics. It is usually 
absent on central fixation and appears on conjugate deviation both 
laterally and verticaliy. The slow phaso is towards tiie central 
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fixation point and the quick phase away from it, A rotary element 
is sometimes present, especially on vertical fixation. Nystagmus on 
central fixation is rarely seen in disseminated sclerosis. 

Ocular Paralysis. Paralysis of conjugate ocular deviation may 
occur as tho result of a plaque in tho nridbrain or pons, but is un- 
common: paresis of single ocular muscles occurs in about C per cent, 
of cases ; but diplopia without objective ocular palsy is coinmoner- 
(34 per cent, of cases). Dissociation of lateral conjugate deviation 
may occur, the adducting ©j’o being less completely deriated than 
tho abducting. This has been ascribed to a lesion of tho posterior 
longitudinal hundlo. I have seen paresis of both intenial recti. 
Ptosis is rare, retraction of tho upjier lids slightly commoner. 

Pupillary Abnonnalilits. Tho pupillary reactions aro usually 
normal. Loss of tbo reaction to light with preservation of that to 
accommodation is occasionally observed and is more frequently 
unilateral tlian in syplidia. Total ophthalmoplegia interna may 
occur. Paresis of tho ocular sympathetio leading to ptosis, enoph- 
thahuoa, and uiyosis uiay bo seen os tbo result of a brain-stein 
lesion. 

Audilory and Vestibular Syinplow. 

Deafness is rare, but vertigo is a common and early symptom 
usually os a mild senso of instability. Sometimes severe vertigo 
with vomiting and coarse nystagmus occurs in attacks lasting for 
several days. 

Mental Symptoms. 

Some reduction in tho intcUectiiat efficiency of the patient is not 
uncommon, but emotional cliangcs aro more frequent. Tho charac' 
terLtic senso of mental and physical well-being — euphoria — is irell 
known. On the other hand, depression and irritability are some- 
times conspicuous. Some loss of control over emotional movements, 
leading to involuntary laughter and tears, is common, especially 
in the later stages of tho illness. Delusioual states and a terminal 
dementia are sometimes met with. 

Reflex Changes. 

The length of tho pyramidal tracts exposes them to a great 
chance of injury by some of tho multiple lesions, hence the reflex 
signs of pyramidal damage are frequent. The tendon reflexes are 
exaggerated. Tho abdommal reflexes are absent in at least two- 
thirds of all cases and may bo lost at an early stage, and extensor 
plantar reflexes occur in from 80 to 90 per cent, of cases in the later 
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Other Symplotna. 

Sphincicr contnA is frequently impaired. In the early st^cs delay 
or prccipUancy of micturition is common. Later retcjition or reflex 
evacuation of both urine and faeces may occur. 

Pyrexia may develop during acute exacerbations of tho disease, 
which IS consequently sometimes described by the patient as haling 
begun \nth an attack of 'influenza*. Headache sometimes occurs. 

Coiivideionj occur in a small proportion of eases and may confuse 
the diagnoais unle»3 their occasional occurrence is remembered. 

Trophic changes arc rare, but 1 bare occasionally' seen cyanosis of 
the extremities with extreme dryness of the skin and brittleness of 
the nails 

Cercbro-spuial Fluid. 

Some ahnomiality is found in the ccrcbro-spinal fluid in at least 
half of all COSOS. An excess of mononuclear cells is found in about 
10 per cent. The must characteristic change is an abnonual colloidal 
gold curve. Xliis is usually of the ‘paretic’, less often of the iuetio’ 
typo, one or the other occurring tn from 50 to 7o {wr cent, of cases. 
The protein is usually normal and the Wossennann reaction is, of 
course, negative. 

Symptom Croupe. 

The extreme variability of tho clinical picture justifles tho icoog* 
mtiOQ of ‘fonns’ of the disease duo to the predominant involvement 
of (hiferent parts of the nervous system. 

(I) The cla.ssical form of Charcot, with nystagmus, intention 
tremor, and scanning s|)ccch. is coiup.iratiicly rare, and occurs in 
only about 10 per cent, of eases. 

(J) The generalized form, coroinon among younger [latients, is 
characterized by pallor of theoptic«Usks, nystagmus, slight intention 
tremor, ataxia, »caknc.ss and s{iaslicily of tho loner limlis, and 
dofectiie sphincter control. 

(3) Onsctwithocularsymptoms. Kctrobulborneuritis may bo tho 
only symptom for many y cars. 

(4) Hcmiplegiamay bo the firstsyruptom and is usually transitory. 

(.>) Spiiul fonmi. («) Progrreeiie *jxut{e jrimpUgia may occur 

with few if any other phywcal signs, espcrially in niiddle-ageil 
yvatknta. {i>) UnilaStrol spinal Itshma owar rindly in the ecrviral 
cord The posterior and lateral columns arc usually in^ohtxl. 
(c) Saerul/onn. A plaque in the conus medulLiris may lead to in- 
contineneo of urine and faeces, unpoience, and atiawthe«ia in the 
region of the sacral cut.aneoua supply. 



DISSEMINATED SCLEROSIS 407 

(G) Cerebellar, vestibular, pontine, m»d bulbar forms are self- 
explanatory. 

(7) Acute fonu5. Occasionally the disease niay run an acute or 
subacute course terminating fatally m three or four months. The 
onset is rapid ; headache, vomiting, and optic neuritis may occur, and 
cranial nerve palsies are comniouer tliaii in the more slouJy progres- 
sive forms. 

Diagnosis. 

Dissetninated solcrosia must bo dislbtguishcd from various forms 
of acule dmeminated enc^jAalo-myelitU uhich cause similar patho- 
logical changes in the nervous system. When the onset of encephalo- 
myelitis is acute and there are severe djtTuse lesions uith fever and 
perjjnps impairment of consciousness, the diagnosis is not difficult, 
but, when the symptoms are mild, tiiuo alone may enable a benign 
enccphalo-myclitia, recovery from uliich is complete, to bo distin- 
guished from tlio clironio relapsing disease. 

Acule dmmimlcd imjelUis tcUh ojdic neuritis, or neuro-nnjeUtis 
option, is closely related to disseminated sclerosis, but differs in that 

hen the patient survives t lie acute attack recovery is often completo. 
In tills disorder the symptoms of optic or retrobulbar neuritis are 
associated uith tlioso of transverse myelitis, both developing within 
a few ucebs. These lesions arc not contemporaneous in disseminated 
sclerosis, Acute bilateral opth or retrobulbar neuritis may occur 
>ritliout myelitis, and also runs a benign course. Although both eyes 
may bo the site of optio or retrobulbar neuritis in disseminated 
sclerosis, it is raro for them both to bo affected simultaneously in 
this disease. 

Jleningo-ixiscular St/pfn7is. Disseminated sclerosis is distinguished 
from menlngo-vascular syphilis by the rarity of pupillary changes 
and of diminution of the laice- and miklc-jerlts in tbo former and 
the absence of a positive Wasscrraami reaction, uliich is present in 
the blood and spinal 0uid in most cases of tbo latter. Moreover, 
nystagmus is rare in cerebral sy^iJiiJis an<l true intention tremor 
unknoMTi. 

Tates may to some extent be simulated by the ataxic gait of 
disseminated sclerosis, but in the latter this is usuaJiy associated 
xrith spasticity, the knee- and ankle-jerks being exaggerated and the 
plantar reflexes extensor, while the pupillary reflexes are normal. 

Friedreich's alaxia possesses in common with many cases of dis- 
seminated sclerosis nystagmus, absent abdominal reflexes, ataxia of 
the lower limbs, loss of postural sensibility, and extensor plantar 
responses. In this disease, however, ^V8 find diminution or loss of 
the ankle-jerks and later of the knee-jerks, scoliosis, and pes cavus, 
Kk 
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while the fr«iuent onset in chUdhooii. slow iirogre!«'4\ e course, ond 
occurrence of multiple cases in one fanuly aro dustinctive. 

Othtr }'amilial A(axla9. Some forms of familial ataxia ha\-e been 
(l&^c^b«l. of which individual cases have been indistlnguhdiablu 
from diascminatwl fecleirwis, eg. the Drew* family described by 
Kergu-oa and Crilchley. Dtfferentioi ix>ints, however, are the 
familul incjdcnce, the oiuct ejiber earlier or later than is usual in 
di&scminated sclerosis, the stcodih* progressive course, and the 
nccurrcaeo of symptoms, eg. marked ocular palsies, extrapyra* 
midal Kigus, and extensive sensory loss, unusual in disscmLnatcd 
sclerosis. 

SubncuU Ccnnbinal Dfgfutmlion may lead to confusion as a cause 
of ‘ataxic paraplegia’. It begins, however, later in life than most 
ca.se3 of disseminated eclcrosii; paracsthesiao appear early and jwr- 
sist , the tendon reflexes in tho lower limbs aro often loot, and gastric 
adnlta and luegalocvtic anaemia arc distinctive features. 

.Spinal Tuviour. Du«ominatod scIerooU may clotely almulato 
spinal tumour when it gites rise to progrraoivc sjiostic pamplegta, 
with or without sensory* loss up to a segmental level, and without 
evident physical signs above the spinal cord. Such symptoms In a 
case of spinal tumour would, however, almost certainly be associated 
with obstruction of tho spinal suharachnoid space, dcmonstrahlo by 
Queckenstttit'* test, aiwl, if necessary, by radiography of tho spinal 
canal following tho intrathecal injection of lipiodol, and with a high 
protein content of the ccrchru-spuvil fluid. 

Intracranial Tumour nuy* be simulate*! by- diK'cruin.itcd sclcrusi-i 
cither on account of (ho occurrence of convubiona associa tnl ]ierba}» 
with a tuonopleina. or because of tho prrsc-nce of ojitic neuritis. 
DL«scniin3ted sclerosis is to lie distinguished from tumour hy* its 
remittent course, the Inirequciicy and slightiic^ of headache, and 
the freejuent occurrence of signs indicating multipio dU.'iemimitC'd 
lesions. In optio ncuntls the swelling of tho optic dude ia usually* 
slight, but Uie visual imyiainnrnt is conaidcrablo and involved tho 
central ]>art of tho field. In {■apilJocdema due to increased intra* 
cranial pressure the swelling is often marked while the visual impair* 
ment Li slight, and tho field defect in a (<cTiph«:cal constrictiun. 

EnctpJiaUtiM Utkargita u distinguished from dlvcminaUtl scliro-as 
by ihefrcciutnt history of an arutc attack Lh.aracUruc*! by lethargy*, 
aawi by lb's oC atvivOTinal puyvtllasy twictions, c^.j-^cially Vii* 

of (hat on convergence, and ParLin.sunL>m. pyTamidal legions being 
slight or alscnt and iiiiYMirdiiiation rare. 

IltjtUrui can be confused Viith dLweiniiiatcd silcrosis only* through 
neglect to nuke a lluiruugh cxanuiMtloii of tho nervous system. 
Such early symptoms as guMinews, jiaraes(hc»iac, and luruus may 
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superficially suggest hysteria, but these are rarely present mthout 
some sign of organic disease, and pallor of the optic disks, absent 
abdominal reflexes, and extensor plantar responses are \mcquivocal 
evidence of such a condition. It is not rare, however, for a patient 
to develop hysterical symptoms in addition to those of such an 
organic disease as disseminated sclerosis. 

Prognosis. 

Tho extremely variable course renders prognosis difficult. The 
disease may terminate fatally in tlirce months, or tJie patiejit jnay 
still be able to work after 25 years. When retrobulbar neuritis is the 
first symptom tho next may not follow for many years Among my 
own patients there have been remissions of 13, 15, 17, and 19 years 
after an attack of retrobulbar neuritis, and of 20 and 25 years after 
another symptom before tho disease has rocurred It is conceivable 
that a temis.rion may last a lifetime and the patient recover per* 
manently from his fiwt attack. By the time tho diagnosis is made, 
Ijoucrer, there is usually ample eridence that the disease is i>To^es’ 
sivo, and the only question is uhat its rato of progress uill bo This 
is usually more rapid in tho young than in tho middlo-aged and in tho 
diifuso than in the eplna! form. Implication of tho'brain.stcm is of 
bad prognostic import. Tho average duration of life is about 10 
j-ears, in fatal cases; but in a scries of 47 surviving patients tho aver- 
age duration was already 13*0 years, and survival for 20 jears is not 
very rare. One of my patients was alivo after 29 years. 

The end is distressing. An account of it is given by a sufierer tv ho 
was also a graphic writer, \V. N. P. Barbelhon, in The Diary of a 
Disappointed -Uari and Enjoying Life. Ataxia, weakness, and spasti- 
city confine tho patient to bed and prevent him from carrying out 
the simplest actions for hiiosclf. Swallowing becomes difficult and 
speech almost unintehigibie. Urinary or cutaneous infection or 
pneumonia finally releases the sufferer. In rare cases the last event 
is an acute exacerbation of the disease itself, taking the form of an 
acute myelitis or encephalo-myelilis. 

Treatment. 

There is no specific treatment. In the absence of conclusive proof 
of a causal organism, vacrincs and sera are still cx|)cruuental. 
The general management of tho patient requires fact and judgement. 
Fatigue is to be avoided, but shc^ of this every effort should be made 
to keep him at his usual occup.ation as long as possible. In the later 
stages encouragement and suggestion may long postpone the bed- 
ridden state. Arsenic is by general consent the most useful drug. 
It may be employed iatrsvenoody as silver-salvarsau 0 2 gm. 
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or novarscnobillon 0-45 gm. WeeUy intravenous injections may 
be given for four or sis weeks, the course being repeated every 
few monlbs. liquor arsenicaiia may be gvvcji by the moutU in courses 
lasting six weeks with equal intCTvals of rest. Potassium iodido 
appears to hasten the recovery from exacerbations, and may bo 
combined with mercury given cither by tlie mouth or by inunction 
aa in the treatment of syplubs. Colloidal silver, antimony, uro- 
tropin, sodium salicylate, and quinino Jijdrochlorido all Lava tbeir 
advocates Gr. J of dry extract of belladonna in a pill will often 
reheve precipitate micturition or incontinence of urine. Laver ex- 
tract given m a weekly intramuscular dose seems to benefit some 
patients. 

PyTexial treatment is wortJi a trial in cases that progress steadily 
and rapidly. Induced malaria has been used. A simpler method is 
to give G to 8 intravenous injections of a bacillus coli vaccino (Pyrifer) 
twice weekly in graduated doses. Massage and passive movements 
may help to relievo spasticity and re-educational exercises to control 
inco-ordination. In the late stages the skin, bladder, and rectum will 
require special attention as in {laraplegia l^m any cause. 
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6. DIFFUSE SCLEROSIS 
ClassiJicaUon and Synonyms. Seo p. 470. 

Definition. A group of progressive diseases usually occurring early 
in life and characterized patholc^ically by widespread dcmjelination 
of the wliite matter of the cerebral henmpheres, and clmically in 
typical cases by visual failure, mental deterioration, and spastic 



I'lo. 52. DlAiuo sclerosis. Ko(« llie )TtassnD atid 
a>n)nictnc8l drRt>ri»uUion of tho uhito mailer of t]>o 
posterior tvcoUlunla of Iho cerebral hcmixpherca. 


paralysis. Both sporadic and familial cases are encountered Tho 
aetiology of these disorders is unknown and there is no general agree- 
meiit as to their classification. At present their resemblances to one 
another .appear to outireigb their diifcrcnces and they Aro therefore 
includetl under a couuaou title. For a discussion of the problems 
involved in their classification sco p 4G9. 

Pathology. 

Tiiete is usually considerable atrophy of tiie brain and it may bo 
tougher than normal. On section tho whito matter of the cerebral 
hemispheres esJjibifs a sh'gbtJy tran^ucent and somciviiat liyaline 
appearance, varying in eoloiir from grey to jellow or brown. Tho 
abnormal areas, which may bo gelatinous or much firmer than 
norma) brain, aro sharply ileniarcated from healthy cerebral tissue, 
especially from the cortex, tliough occasionally this suffers also. 
The white matter of the occipital lobes is usually most severely 
affected (Fig, 52). The white matter of tho cerebellum may be 
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involred as n ell os tLat of the cerebral hemispberes. Jlicitwcojiically 
the primary change appears to be a degeneration of the rQ3‘eUn 
sheaths and later of the ayU ej'liiulets of the white matter of the 
affected areas. In some cases this alteration has been described as 
possessing a perivascular distribution at the onset. Xeuroglial 
overgrowth is conspicuous, especially in the neighbourhood of the 
blood-vessels. There is a diffuse inffltration of the brain with com- 
pound granular corpuscles, and these are present in large numbers in 
the penvascular sheaths, which usually also contain small, round 
ceils resembling lymphoc3’te3. 

The pathological change osually begins S3Tam£trically in botii 
occipital lobes and spreads forwards in the w hite matter of the hemi- 
spheres, ultimately involving the corpus callosum and reaching as far 
forwards as the frontal and temporal poles, but there are exceptions 
to this The frontal lobes may suffer more than the occipital, and 
the changes ma3* be asymmetrical, even predominantl5* unilateral. 
Concentrically arranged rings of demyelination with relatively 
normal white matter between them have been described (23al6). The 
white matter of the internal capsules and brain-stem may be simi- 
larly involved, but the subsulcinc and arcuate fibres u5uaU3' escape. 
Involvement of the basal ganglia is inconstant. Small clear-cut 
areas of demyelination resembling those of disseminated sclerosis 
have been found in the brain-stem. 

Aetiology. 

The only known facts about the ac(ioIog3' of the diffuse sclerosis 
are statistical. In half the cases the onset occurs before the ago of 14 
and in 40 per cent, before 10. These 40 per cent, are approximately 
equally divided between the first and second quinquennia. In a small 
number of patients the disease begins later in life, even up to old age. 
^lales are affected more often than females In childhocxl, but the 
sexes suffer with equal frequence' after adolescence. Although most 
rejiortcd cases hare been sporadic the number of familial examples 
is incrcasmg. Biehchowsk3' and Hcnnebcrg IxJicvo that cncopha- 
litis periaxialis diffusa (Schilder’s disease) is a sponuUcal]3‘ occurring 
inflammatory condition and is tliertfore to bo distinguished from 
the familial and degenerative diffuse sclerosis, ilanj' writers, how- 
ever, regard these two conditions, whatever their aetiology, as 
allied if not identical. Tlicre is no evidence, l)C5‘ond a doubtful 
interpretation of j»triva»cular round cell intHtnitioa, in favour of 
their inflammatory nature. The carh* infantile examples have 
been attributed to a failure of development of the m3*elin sheaUis, 
later cases to a failure to maintain their nutrition. Ibis in turn 
has been ascribed to a defect of the oligodendrocytes (Greenfidd), 
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a disturbance of the poirer of the glia! cells to regulate lipoid 
metabolism (Scholz), and the presence of abnormal lipoids in the 
blood (Bielschowsky and Henneberg). A vascular disturbance of 
the white matter has also been blamed. Innes has pointed out the 
resemblance between '8\vay-back*, a pre- and post-natal disease of 
lambs, and Schilder’s disease. The cause of ‘sway-back’ is obscure, 
but it can be prevented by giving copper to the oues. (Irmes, 1939.) 

Symptoms. 

The onset of symptoms is sometimes rapid, sometimes insidious. 
IJeadacho and giddiness may occur, but fever is exceptional. Visual 
impairment is ono of the earliest symptoms, but may bo preceded 
by mental deterioration, epUeptiform attacks, aphasia, or weak- 
ness and inco-ordination of the limbs. Visual failure is usually 
duo to destruction of the optic radiations. When one occipital lobe 
is first involved the first visu-al field defect is homonymous hemi- 
auopia on the opposite side, the remaining halves of the visual 
fields being subsequently gradually lost as the opposite occipital 
lobe becomes uivolv'ed. In other cases both sides are involved 
symmetrically. In either case the end result is blindness. In other 
cases visual impairment is duo to demyeiination of tho optic 
nerves lending to retrobulbar or optic ncuntis with bilateral 
central scotomas. In such cases there may be papillitis during 
tho acute stage followed by optic atrophy. Papilhtis is found in 
about 25 per cent, of patients. Unless the optic nerves are thus in- 
volved the pupillary reactions are likely to be normal. Diplopia 
is not uncommon and is usually duo to external rectus paralysis. 
Third-nerve palsy occurs much less frequently. Nystagmus is 
common Loss of smell and taste, deafness, and tinmtus have been 
described. 

Progressive spastic weakness of the extremities gradually develops. 
One side of the body may be thus affected before the other, but a 
spastic diplegia is the final state. Sensory loss is not uncommon and 
is usually of the cortical typo, with loss of postural sensibility, appre- 
elation of passive movement, and tactile discrimination, leading to 
astereognosis. ^Vhen the internal capsules are involved analgesia 
involving one or both halves of the body is added. General inco- 
ordination is common in tbe early stages. Aphasia may occur, but 
later tends to be masked by^ spastic dysarthria. Mental changes are 
usually conspicuous and afe those of a progressive dementia. Epi- 
leptifonii attacks, which may be cither generalized or Jacksonian, 
may occur at any stage of tbe disease. The cerehro-spiual fluid is 
usually normal, but slight mononuclear pleocytosis and increase of 
protein content have been described. 
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Dia^osis. 

In a typical case tiic early onset of blindness iinatlribulable to a 
lesion of tlie optic nerves, together with progresaive mental failure 
and spastic paralysis, constitutes a highly distinctive clinical picture. 
When the ey mptoms of diffuse sclerosb are for a time predominantly 
undateral and especially when papillocdetiia occurs, it may he con- 
fused intli intracranial tumour. Encephalographj' may help in the 
diagnosis by jnclding evidence of cerebral atrophy and the uUimato 
development in ditfuso sclerosis of extensive involvement of both 
cerebral henuspheres will enable a tumour to be excluded. DilTuse 
sclerosis may also simulate disseminated sclerosis, but many eases 
of the former occur at an age when the latter is either unknown or 
len- rare. Further, the severe visual impainnent without involve- 
ment of the optic nerves nbich is characteristio of diffuse sclerosis 
does not occur in disseminated sclerosis. In uhieh also epileptiform 
attacks are verj- uncommon and mental deterioration U very rarely 
severe. 

Prognosis. 

TIic disease is ini ariably progTensive and almost nlwa> s terminates 
fatally, although exceptionally tempornry remissions occur, and it 
may possibly sometimes become arrested. It may nm an acute 
course, leading to death within one or two months, and few patients 
sun'ire more than three jears after the onset of the symptoms. 
Very rarely life may be prolonged for a number of yrars. 
Treatment. 

The cause of the disease being unknown, treatment is empirical 
and none ia knoivn to arrest iU course. Tcin]>oniry licncilt, hou cv er, 
has been attributed to the use of arsenic, mercury, and iodide. The 
usual sedatives sliould be employed to control the conimlsions. 

BEFi:nE:iCES 

BiTTEX, F. E., luiJ IViLSXsBW, D. (19U). 'UnuiuiO type of homlttary 
disease or Ibo nenous tyiAetn, (IMttaeus Sleizbathcr) Apliuiia sxialt* 
oxtrs-eortioJu con^remlA. Bitii'n, xsxit. 3tl. 
n<tu.$CBOWBKY, F. (1927). DioBcdeutungdia iDTiktcafurdioiliiltuo^klerDBe. 
•/■/ J'tyt/uJ. u. yrunit xxxtu. 12. 

Biellscho'wesy, M., and lIc.»EBeLa. R. (1928). Ul«r familiani diflu^ 
iildercee. (LeuLcxIyttrofibi* Cimliri I’rogrwsun lIrrolilAna.} J, /. 
I'fyfM. u. yeunl. XXX>L 131. 

Boexa-v. I.. (1934). «crmxn«. BrutoL 

CoLUEa. J., luid GacEsnciJi, J. C. (1924). The eneejiIialiLU penexislis of 
Sclidler. Brain, xliiL 463. 

Gxslx, U. M. (1930). SctiUdcr* di^-aao (enn'i'IiotilM {icruixialu diiTuna): 
re\)<rw orLurature «od rrport orcue. Aiiuy. Dit. Cii7<i. xxxix. (193. 



DIFFUSE SCLEROSIS 505 

Globus, J. K., and Strauss, I. (1928). frogteasive degenerative subcortical 
encephalopathy. Arch. A’eurol. <£.* Psychiat. xx. 1190. 

Greekfield, J. G. (1933-3). A fona of progressive cerebral sclerosis m 
infants associated vrith primary drgencratkm of the mierfasctcular glia. 
Proc. Hoy. Soe. hied. xxvi. 690. 

Greetnfield, j. G. (1033) A form of progressive cerebral sclerosis in infants 
associated with primary degeneration of tho interfascicular glia. Voluitit 
Jubilaire en I'/ionneur <fu Profttbeur Q. hlarxMseo. Bucarest, p. 2o7. 

Isjfi-s, J. 11. M. (1931-5). The pathology of ‘surayback' — a congenital demje- 
Imating disooso of lambs with aOlnitlea to SclulJer'a cnceplialitis. Bniv. 
of Comb. Institute of Animal Pathology. Fourth Jteport. 

(1039). Svvaybaclc: a demyelinating disease of Iambs with affinities to 

Schilder’a encephalitis and ita prevention by Copper. J. Neurol. <£' 
Piychiat. N.S. ii. 323. 

Kradbe, K. (1018). A neiF famihal infantile form of clifluso bmia-sclerosis. 
Praia, xxxix. 74. 

Levasiti, C. (1930). Les ultravirus provoealtnm doa ectodermoses neuro- 
tropes. Ann. Inat. Patleur, xlv. 673. 

JluasELL, D- S , and Tallermaw, K. H. (1937). Familial progressive diffuse 
cerebral sclcrosU of infants, .dreh. Dts. Childhood, xu. 71. 

ScBiLDEB, P. (1012). Zur Keiuitniadoraogonanntondiifusen Sklorose. Zuchr. 
f. d. gu. Neurol, u. Psychtot. x. 1. 

SenoLZ, W. (1925). Klinischo. pathotogisch-onalomische und erbbiologuche 
Untersuclmiigcn bci famili3t«r, difTuser Hmisklcrose im Kindcsaltor. 
Zltehr.J, d. get. Neurol u. Peychiat. xcix. 651. 

StswART, T. G , Greexheld, j. Q..and Dlaxot, M. A. (1027). Encephalitis 
periaxialis diffusa. Report of three cases with pathological ozamina* 
tions. Brain, I. 1. 

SvMONDS, C. P. (1929). A contribution to the clinical study of Schildor’a 
encephahtu. Brain, (i. 24. 

(1932-3), Bisoussion on encephalitis ponaxislis difTu&a (Schildor). Tree. 

Hoy. Soe .l/of.xxvi, 301. 



CHAPTER XII 

EXTRAPYRAMIDAL SYNDROMES 
1. THE CORPUS STRUTUil 

The AsATOiiv asd Cosnbxioxs of the Corpus Striatum 
The corpus striatum is, phylogenelicaUj, the oldest part of the 
cerebrum. It lies deep in the substance of the cerebral bemispliero 
between the lateral ventricle and the island of Rcil. It consists of 
the caudate nucleus and the leoticubr nucleus, u hicli is divided into 
the putamen and the globus pallidus (Figs. 2 and 53). 

The Caudate ytiehua. The caudato nuebus is a pear-shaped mass 
of grey matter. Its heAd, the most anterior part of the corpus 
striatum, ts on the lateral side of tbo anterior horn of the lateral 
ventricle, into which it bulges. Its tail runs backwards in the floor 
of the lateral ventricle, and then forwards and downwards in the 
roof of the descending horn. 

The Putamen is sex>arated from the island of Rcil by a narrow zone 
of grey matter, the claustrum, and another of white matter, the 
external capsule. 

TAe GZo6»s Pallidue lies medially to the putamen. It is separated 
from the optic thalamus and tbo caudato nucleus by the Eternal 
capsule, wUch also separates the head of the caudate inm the 
anterior part of the putamen. 

The caudate nucleus and putamen develop from the same mass 
of grey matter and show the same histological structure. They 
contain two types of ganglion cell, a small number of large cells 
among more frequent small ones. The globus pallidus contains only 
one type of ganglion celL On account of their common origin and 
identical structure the caudato and putamen are grouped together 
by some wnters as ‘the striatum’, the globua pallidus being dis- 
tinguished as ‘the pallidum’. 

The corpus striatum contains numerous flfares which may be 
divided into (1) aScrent, (2) mtemunclal, and (3) efferent. 

(1) Afferent fibres reach it from the cerebral cortex, from the optic 
thalamus, and from the midbrain. They are distribukid chiefij' to 
the caudato nucleus and putamen. 

(2) Intemuncial fibres unite the caudate and the putamen, and 
also coTinesA \beao fiVaea with ti® globm ^»a\lidu3. it is thought 
that the afferent fibres terminate in relation with the small ganglion 
cells, and that the fibres connecting the striatum with the p-illif?tiTn 
originate in tbo large ganglion cells. 

(3) Efferent fibres are derived solely from the globus pallidus which 
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they leave in a special bundle, the ansa lenticularis, which is distri- 
buted cbicSy to tho optic thalamus, the red nucleus, the substantia 
nigra, and the hypothalamic nucleus or corpus Luysii. 

TAe Jied Ntidcus. The red nudeus lies in tho tegmentum of the 
midbrain at tho level of the superior corpora quadrigemina. In 
addition to fibres from tho corpus striatum it receives impulses from 



Fia. 53. Diagram of the coimeuons of (be caudate and lenticular nuclei 
(ihineon.) 


the opposite dentate nucleus of the cerebellum by tho superior 
peduncle. It is divided into a large-celled and a small-celled portion. 
lYom the former tho rubrospinal tract takes origin, and crossing tho 
middle line in the decussation of Forel descends through the brain- 
stem to tho spinal cord. Tho small-celled portion gives rise to fibres 
which ascend to the frontal lobe- 

The Subilantia Nigra. The substantia nigra is a grey mass lyhig 
between the basis pedunculi mid tegmentum of the midbrahi at tho 
level of tho superior corpora quadrigemina. It consists of a zona 
compacta lying dorsally and containing large mclanm-bcaring gan- 
glion cells to which it ow cs its dark colour, and a zona reticulata lyhig 
under this and resembling in structure tho globus pallidus. Resides 
incoming fibres from the corpus stiiatuni it is said to recei\ e a direct 
connexion from tho cortex of the frontal lobe, and it sends fibres to 
the red nucleus, to the hypothalamic nucleus, and to lower regions 
of tho brain-stem. 

The Hypothalamic Nucleus, The hypothalamic nucleus is a small 
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mass of grey matter on the dorsal aspect of the basis podoncuU, to 
the lateral side of the substantia nigra. Besides receiving fibres 
from the globus pallidus, it communicates with the red nucleus and 
with the substantia nigra. 

The FinsCTioss op the Coufus Stiu.4ti7m 
Much is still obscure about the functions of the corpus striatum, 
and they are the subject of very divergent views. Almost all patho* 
logical processes which injure this region of the brain are dilTase 
and affect other parts as well, hcnco it is often doubtful whether a 
given symptom is to bo attnbuted to a striatal lesion or to a lesion 
M hich may be present elsewhere. Moreover, many theories advanced 
imply too rig^d a conception of tho localization of functions in the 
nervous system. The fact that a lesion in a certain situation disturbs 
a given function does not mean that the disordered function should 
be regarded as localized in the part affected. Ultimately all neural 
functions are activities of the nervous system as a whole, and In 
a narrower sense, cortical, striatal, and mescncephalio centres may 
be linked together in effecting and co-ordinating a movement or 
a posture. Hence it is not surprising, but rather to be expected, 
that similar disorders of function should be produced by lemons in 
diSerent situations. The following provisional scheme represents 
what appears the most plausible conception of striatal function. 

It seems probable that the fanetions of the striatum are sub- 
ordinate to those of the cerebral cortex. There is much evidence for 
the existence of direct cortico-striate fibres. Even if, with Wilson, 
one denies the existence of these, on aUemat ive route from the cortex 
to the striatum lies through the optic tbalamus. It ia also likely 
that these cortical impulses arooso the activity of the caudate and 
putamen, which in turn infiuence other centres only through the out- 
going paths of the globus pallidus. Even this structure, as for as is 
known, has no direct communication with the lower motor neurones, 
but exerts its infiuence through loner centres and their tracts, of 
which tho red nucleus and the rubrospinal tract are perhaps the most 
important. Through the optic thalamus also the corpus striatum may 
receive impulses derived from the great ascending sensory stream. 

These anatomical arrangements suggest that the striatum possesses 
a subordinate reinforclug ratber than an initiating function, and 
this view is boino out by patbolo^cal phjsiology. Loss of striatal 
function is best exemplified by the pallidal syndromo seen in paralysis 
agitans and encephalitic Farkinsonism. In this condition voluntary 
and emotional movements are slow and weak, synergic muscuhir 
contraction is feeble, and certain semi-automatic movements, such 
as blinking, ocular convergence, and swinging of the arms in walking 
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are impaired. No doubt the associated muscular rigidity contributes 
to the impairment of motor function, but that it is not the primary 
cause is uidicated by the frequent observation that the characteristic 
motor deficiency may precede demonstrable rigidity. Since tlie 
globus paliidus is the source of the efferent patJi of the striatum it 
is probably correct to regard tbo syndrome produced by pallidal 
destruction as striatal deficiency, and therefore to regard tbo corpus 
striatum as the scat of motor elements reinforcing and strengthening 
movements and postures of cortical origin, and contributing especiaUy 
their automatic motor accompaniments. The part played by lesions 
of the corpus striatum in the production of such syndromes as chorea, 
athetosis, and torsion-spasm is more ohscare. PbysioJogicallj' these 
disorders present features which are the corresponding opposite 
of the fij’mptoms of Parhinsonism. If wo analyse the involuntary 
movements of chorea, for example, wo find that they are motor 
activities of a high order, resembling fragmentary and disordered 
forms of emotional and voluntary movement. 3Ioreorer, associated 
movements, impaired oc tost in tbo pallidal syndrome, are oxagger* 
ated in chorea. \Vlicn a chorcio patient is made to clench his fist bis 
whole body partakes in movements which are an exaggerated and^ 
disorganized form of tho associateil movements normally accompany- 
ing great muscular effort. Tho disorganization consists of a loss of 
reciprocal relaxation and a loss or inco-ordination of the sjmcrgic 
muscular contractions necessary to orderly movement. Further, 
whereas rigidity is a charactoristic of Parkinsonism, muscular 
hypotonia Is present in chorea and athetosis. Hence it has been 
argued that irliereas Parkinsonism represents a loss of function of the 
corpus striatum, chorea and athetosis are due to a disorganization 
or ‘ ataxia ’ of its activity, and are to be ascribed to lesions involving 
especially the caudate nucleus and putamcn. It is true that in some 
forms of chorea and athetosis these structures undergo degeneration, 
for example, in Huntington’s chorea and tho ‘athetose double’ of 
infancy. On tho other hand, the severe degenerative changes found 
in them in hepato-lenticular degeiieiation are associated with symp- 
toms allied to Parkinsonism, and there seems no doubt that chorea 
may follow a lesion confined to tho upper part of the midbrain. Lafora 
has produced it experimentally by injuring the red nucleus and ru- 
brothalamic tract in cats, and Martin has described it as a sequel of 
lesions confined to the hypothalamic nucleus. Choreiform movements 
have been observed also to follow lemons of tho optio thalamus. It 
is therefore probable that choreifoim movements may result from 
lesions in more than one situation, and it is possible that they depend 
upon tho disorganization of a path running from the cerebellum 
through tho upper midbrain and optic thalamus and nonually 
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influencing the functions of the coixtus striatum. Several wntera 
have drawn attention to the resemblance between the involuntary 
movements of rheumatic chorea and the normal spontaneous move- 
ments of the infant. A purely anatomico-pathological interpretation 
of the chorea of childhood may be ioadcf^uate and its effect may 
be temporarily to abolish recently acquired functions and to throw 
the patient back to a condition aUn to infancy. 

We do not at present know what determines the difTercnce be- 
tween chorea, athetosis, and torsion-spasm. TIjat these disorders 
are closely allied is indicated by their possession of common phj'sio- 
logical features, and by the occurrence of intermediate forms. Their 
differences may depend upon whether the striatal Ic-sion is diffuse 
or focal, and whether or not other structures are also involved. The 
improvement which may follow Putnam’s (103.3) operation of divi- 
sion of the antcro-Iateral column of the spinal cord in torsion-spasm, 
chorea-athetosis, and athetosis suggests that these involuntary 
movements are mediated by extrapyramidal flbres in the spinal cord. ' 

As already mentioned, disturbances of tone are prominent in cases 
of striatal lesion. Park^sonism Is usually associated with rigidity, 
while m chorea the muscles are hypotonic, as they are between the 
spasms in athetosis and in torsion spasm. Porkiosonian rigidity is 
best regarded as duo to a release of lower tone-controlling centres 
normally inhibited by the globus paliidiis, whilathe hypotonia of 
chorca-athetoid syndromes may be ascribed to a dcflciency of the 
normal contribution of tbe striatum itself to postural tone. 

Tremor is a variable concomitant of striatal lesions, and is prob- 
ably due to a loss of rcgulaiing influence of the globus pallidus upon 
the rhythm of discharge of lower centres. 
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2. THE PARKINSONIAN SYNDROJIE 

Definition'. Tho Parkinsonian syndrome, named after James 
Parkinson, tvbo iirst described paralysis agitans in 1817, is a dis- 
tuxbanco of motor function cbaractcrizcd chiefly by slowing and 
enfeeblement of emotional and voluntary movement, muscular 
rigidity, and tremor. Parkinsonism may bo produced by a number 
of different pathological states and is usually ascribed to lesions 
involving the corpus striatum or the substantia nigra. 

Aetiology and Pathology. 

Jakob and Ramsay Hunt consider that loss of tbe large ganglion 
cells of the corpus striatum is the essential cause of Parkinsonism, 
though the former would place the lesion principally in the caudate 
nucleus and putamen and the latter in tho globus pallidus. A number 
of workers have claimed to demonstrate that in Parkinsonism due 
to encephalitis lethargica there are constant changes in the sub- 
stantia nigra, but that the corpus striatum may be normal. In view 
of the close connexion between these two nuclei through the ansa 
lenticularis it is probable that they are functionally related, and it 
would not be surprising if lesions of both produced similar symptoms. 

The histological changes depend upon the nature of tho causal 
pathological process. Degeneration of tho corpus striatum may be 
massive enough to lead to cavitation visible to tho naked eye as in 
hepato-lenticular degeneration. Focal degeneration due to vascular 
occlusion is the basis of Farkinsonism due to cerebral arteriosclerosis. 
Paralysis agitans is probably due to a piimary senile or presenile 
cellular degeneration of the large ganglion cells of the striatum, and 
a siwulat degeaecatioft isi tho ‘ palUdal aysAom’ haa heoo. held by 
Ramsay Hunt responsible for a juvenile form of the disorder. The 
Vogts regard the lesion characteristio of paralysis agitans as an 
Hat de disintigraiion of the corpus striatum, ranging from a dis- 
appearance of ganglion cells and flbres to tho formation of areas of 
softening with tho production of cavities, Hal tacunaire. Uncommon 
toxic causes of Parkinsonism are poisoning with carbon monoxide 
and with manganese. In cncepbaJitic Parkinsonism there is great 
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destruction of the pigment -bearing ceUs of tho substantia nigra, the 
pigment lying free in the parenchyma. There is glial reaction, and 
the presence of lymphocytea, eapecially in the i)erivascular sheatlis, 
is tahen to indicate that the infection is still active. Karcly’ Parian- 
sonism follows head injury, when it is probably duo to haemorrhage 
into the corpus striatum or substantia nigra, and it has been observ'ed 
to foDow injury to a limb, the syinptoma beginning in the injured 
limb. It is occasionally due to ncurosjphilis. 

Symptoms. 

A general description of the symptoms of the Parlunsonian gj-n- 
drome will first be given, and the disrinctiv o features of the various 
forms of the disorder will then bo considered separately. 

Faciei and Attilude. 

The Parkinsonian facies is cbaroctcristic. The palpebral fissures 
are usually wider than normal, and blinking is mfrequent. The eyes 
have a staring appearance, duo portly to these features and jiartly 
to the fact that spontaneous ocular movements are lacking or seldom 
occur. The facial muscles exhibit an unnatural immobility {Pig. 54). 
The mouth is often slightly open, and sabva, which appears to Im 
secreted in excess, may run from the low cr lip. The skin of the face 
is often exceptionally greasy. The attitude of the limbs and trunk 
is one of moderate flexion. The spine is usually somewhat flexed, 
but is occasionally extended. There is little rotato/y movement of 
the cervical spine. The limbs are moderately flexed and adducted, 
but the wrist IS usually slightly extended, llio fing^ are flexed at 
the znctacaipo-phalaogeai, and extended or only slightly- flexed at 
the intcrphalangeal, joints, aAd adducted. The thumb is usually 
adducted, and extended at the metacorpo- and inter-phalangeal 
joints. 

Disorders of Aloiemenl. 

Voluntary movement exhibits soma impairment of power, but 
more striking is the slowness with which it is performed. In general 
the movements which are carried out by' small muscles sufler most. 
Hence the patient sbowsiweakneos of the ocular movements, espe- 
cially convergence ; of the facial mov ements, associated with tremor 
of the eyelid# on ciasarv of the ejes; and of looTeoicots ooacemctl 
in mastication, deglutition, and articulation. The speech in severe 
cases is slurred and monotonous. Owing to defective pronunciation 
of consonants and lack of variation in pitch. Itarely palilalia occurs. 
Itlovements of the small muscles of the hands are also markedly 
affected, with resulting clumsiness and inahillty to j^rform fine 




Flo, Si. A ciiae of aj'itaim. {Note IIjb e>«- 

|>rcMioiilc»8 fiicios and tile altituiio of tho hands.) 


synergic extension of tho wrist, whicli is normally associated with 
tlexion of tho fingers, is also impaired. Thoracic expansion in 
inspiration is reduced, but the contraction of tho diaphragm may be 
increased in compensation. 

Emotional more/nenia of tlto /a«? are also reduced in amplitude, 
alow in developing, and unduly protracted. 

Muscular Itigidiiy. 

Muscular rigidity does not altvays develop pari passu with the 
disorders of movement just described, which not uncommonly 

lI 
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somewhat precede it. It differs from tlio hypertonia associated with 
pyramidal lesions in that it U present to an equal extent in opposing 
muscie-groups, for example, the flexors and extensors of the clboir; 
it is uniform throughout the whole angle of movement at a joint; 
and it usually exhibits an interrupted character when tested by 
passive -movement, the muscles yielding to tension in a series of 
jerks, hence the term 'cog-wheel rigidity’. Parkinsonian rigidity, 
like other Parkinsonian symptoms, is often unequal on the two 
sides of the body. In spite of the rigidity full passive moi’ement is 
usually possible at all joints. Occasionally, however, contractures 
occur which limit such movement. This happens most frequently la 
the hands and the feet. The lingers may bo so strongly flexed that a 
pad has to be u^d to prevent the nails being driven into the palm. 
Si mila r flexor deformity of the toes may occur, and talijxfs cqtiino- 
varus may be produced 

Gail. 

The Parkuisonian gait is in' part at least the outcome of the 
patient's attitude and ngidity. It is usually slow, shuflling, and 
composed of small steps. Tlie patient is often unablo to stop quickly 
when pushed foniards or bacl^ards — propuUion and retropulsion, 
\Vheu propulsiou occurs sjiontaneously during walking the jiatient 
e&lubits a 'featinating' gait, bunying with small steps in a bent 
attitude as if trying to catch up lus centre of gravity. A striking 
feature of Parkinsomsiu is the frequent ability of the jiatient to carry 
out rapid movements requiring coDAidcrable exertion better than 
slower and less energetic movcmetiU. Tlius a patient wlio enn only 
nulk very slowly may be able (o run quite fa»t. Tliis phenomenon 
has been called 'kinesia paradoxa’. 

Tremor. 

Tremor is the characteristic involimtaiy* movement of Parkin- 
sonism. TVemor, rigidity, ami slowness and weakness of movement 
are, however, to a large extent indepeudent variables. Tremor may ' 
be the first sjTuptom, as it frequently is in paral^'sia ngitons, and may 
precede rigidity by montlis or jears. In encephalitic Parkinsonism 
ngidity more often precedes tremor. Tremor usually begins in one 
upper limb and later involves the loner limb on the same side, the 
other side being affected in the same order after a further interval. 
The head is involved late, if at all. 

The tremor consists of rhythmie alternating movements of oppc«- 
ing muscle-groups. In the upper lunb the hand is most affected. 
Movements of the fingers oemr at the metacarpo-pbalangcal joints 
and may be combing with movements of the thumb — the 'pill- 
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rolling movement’. Movements at tbo wrist may be flexion and 
extensioji, lateral displacement, or jironation and supination. Often 
the tremor shifts from one to another group of muscles while the 
patient is under observation. Little movement usually occurs at the 
jomts above the wrist. In tho lower limb tremor is most marked at 
the ankle, at which flexion and extension occur. Either flexion and 
extension or a rotatory tremor of the head may occur When the 
mandibular muscles are involved rhj'thmical opening and closure 
of the mouth are observed, and in the tongue the tremor takes the 
form of protrusion and withdrawal. 

The rate of tlie tremor hes between four and eight movements a 
second. It is present ivhen the patient is at rest, and is often teni- 
poranly suppressed when the limb is voluntarily moved. Rarely, 
however, it is mcreased by movement. It can often he inhibited for 
a time by conscious effort, but is liable to break from this control 
witli increased intensity. It is increased by emotional excitement and 
almost always disappears during sleep. 

Sinsory Symplomi. 

There is no loss of sensibility m Parkinsonism. Pam, however, 
IS common, especially in the later stages, when most patients com- 
plain of crainp'like pains in tho limbs and spme due to the muscular 
ngidity and the changes induced in the joints ond ligaments by the 
abnormal posture. Extreme restlessness is also a common 8> mptom, 
the patient suffenng great discomfort unless bis position is changed 
every few minutes 

The Refiexts 

Parkinsonism docs not mvolve any essential changes in the 
reflexes, though rigidity may render the tendon jerks difficult to 
elicit and reduced in amplitude. Tbo plantar reflexes are flexor 
unless an independent lesion involves the pyramidal tracts. 

Autonomic Symploma 

Derangement of tho autonomic nervous sj-stem is probably respon- 
sible for a group of symptoms which often cause much discomfort. 
Excess of sebaceous secretion over the face and excessive salivation 
have already been mentioned. Flushing of the skin may occur, 
accompanied by uncomfortable sensations of heat and sometimes by 
sweating. These ajiuptoms may be limited to, or more marked upon, 
one side of the body. Oedema and cyanosis of a limb are rare. 
Parkinsonian patients usually tolerate cold much better than heat, 
and will often sit out of doors, lightly clad, in the coldest weather 
without feeling cold. 
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Menial Slate. 

ParkinM>niam w not necessarily accomi)atiieil by any mental 
change, and the sufferer’* intellectual capacity and emotional re- 
actions may continue unimpaired behind the mask in which lus 
disorder fixes his features. But when the syndrome w a manifestation 
of a diffuse pathological proccas, such as cerebral arteriosclerosis or 
encephalitis lethargiea, inTOlvemcnt of other jiarts of the brain may 
cause associated mental deterioration, leading to various degrees of 
dementia, or a loss of emotional responsiveness, or profound depres- 
sion with a suieidal tendency. 

FORiis OP ^Anla^•so^^s5l 

P-ttii.Ysi3 Acitass 

5ynojjyj/w: Parkinson’s disease; shaking jjalsy. 

Pathology. 

See p oil. 

Aetiology. 

The disease is prob.ably a primary degeneration of the Urge 
ganglion cells of the corpus striatum, and it is doubtful whether 
external factors have any aetiologieal significance, though there is 
some evidence that injury to a limb may determine tho site of onset 
of the symptoms. JIales arc affected about twice ns frequently os 
females Paralysis agitans is a dUease of late middle life atid begins 
in most caaes between the ages of oO and GO. In is omen its onset not 
imcoDimonly occurs within a year or two of the menopause and m 
men at about GO. It rarely begins before 40 and after G.5, but in the 
rare juvenile form the onset may be as early as tlie second decade 
(Hunt). It is exceptionally hereditary or fimilial. 

Symptoms. 

In the majority of ca.scs tremor is the first sj-mplom. Less fre- 
quently weakness, stiffness, and slowncs-s of luoiements are com- 
plamed of before tremor. The tremor usually begins in one hand, 
the leg on the same side being next inroUed. .Vfter a further interi'al 
it spreads to the opposite hand and later to the oppoaito leg. It may 
be confined to one side of the body for smeratj. cars, but both upper 
limbs may be affected before the lower limbs. The characteristics of 
the tremor, rigidity, and other symptoms bat e already been described. 
Prognosis. , 

The disease is always j)rogrc^ve, though cases differ considerably 
in the rate of progress. Tlio sj-mptoms may be confined to one limb 
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for moiUlis or years, and t)ie spread to other limbs when it occurs 
may be stow or fairly rapid Tlio <lc\clopii)cnt of rigidity may 
diiiuntsh the tremor, but greatly reduces the patient’s activities. 
El on so iie in.iy survn o in a iieljiless condition for many years TJie 
average duration of the dL»pase w alioiit leu jc^irs, but it is not 
uncommon for iwtienls to live considerably longer Death occurs 
usually from complications such as piicuiiioina or bcd-sorc.s Occa- 
bionallj tlicre is a terminal stage of lethargy jiassing into coma 

PARKlSSOStaM lOLLOWLSO ENCCPHAIJTJS LimUROICA 

Pathology. 

See pp 429 and oil. 

Aetiology. 

See pp 429 and 611. 

Symptoms. 

It is not uncommon to ubborie some Parkinsonian symptoms in 
the acute attack of cnccpholiti-* In most ca«>es Parkinsonism 
del clops itiMdiouUy during the subsv(|uont tuehe months, though 
the mtcrinl may be as long ns twenty years There may !» no 
history of an acute attack obtainable. Since tlio greatest incidence 
of the diaca&o is in early adult life, most cases of c-ncephalitiu Parkin- 
sonism occur before the age of 40. 

Stinhess, slowness of movement, and weakness usually precede 
tremor. Those sjnuptoiua ore usually more marked U])on, and may 
be coiiliiicd to, one side of the body Sometimes tliey arc even more 
restricted and involve only one iipiicr limb, or one upper limb and 
the same side of the face. In the early stages the upiier limb is 
usually more affecUd than tlie lower lligidit}’ is usually more con- 
spicuous than tremor througboiil the course of the illness The 
pupillary' reactions to accommodation or to light or to both are 
usually impaired, and mental ajiathy or depression is usually con- 
spicuous (see p. 433). 

Oculogyral Spasm. 

Si>asui of conjugate ocular muscles u a not infrequent complication 
of Parkinsonism following cnceplialitis lethurgica The attacks last 
from a few’ seconds to hours UioeyTS ore usually deviated upwards, 
with hds retracted, less often laterally', and rarely downwards or 
obliquely There may be an associated spasmodic deviation of the 
bead in tlio same direction. Occa^onally the eyes become fixed 
when the gaze is directed fonvards, or in a position of convergence. 
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Emotion may precijiitato tlio attacks, wliieli aro often accoiiipaniwi 
by feelings of anxiety or by abnornialsensations referred to the head. 
Ihiring the attack tho |»aUent’s attempts to move the eyes in otlier 
directions result in only a very feeble, jerky displacement from the 
position of spasmodic deviation. Tlicro is no reason to regard oculo- 
gyric crises as psychogenic in origin. They are probably disturbances 
of the regulation of ocular posture at the level of the supranuclear 
centres immediately above the midbraiii. 

Prognosis. 

In most cases Parkiiisonisra foUouiiig encephalitis is a progressive 
condition running a much shorter courso than paralysis agitans. In 
a few cases the disorder seems to become arrested and tliis happens 
moat often when the symptoms arc prcdomiuantly unilateral. In 
severe cases the patient may become quite incapacitated withui 
a year of tho onset of symptoms,' but at present milder chronic 
coses are the rule and the disorder often reachcH a stationary con- 
dition. Death is due to pneumonia, bed-sores, or a general cachexia 
terminating in coma. 

AnTERIOSCLCBOTlC Pahkinsonism 

Parkinsonian symptoms may make their 8p]>earanco in the course 
of cerebral arteriosclerosis, but the resulting chnical picture is not 
only very variable in itself but al»o frequently complicated by the 
presence of other symptoms of vascular lesions. Thus Parkinsonism 
may exist alone, or in association with pseudo-bulbar paJiy, pyra- 
midal lesions, or dementia. 

The majority of cases aro due to the decrescent type of arterio- 
sclerosis viith low blood-pressure, and arc, therefore, found in late 
middle and old age. Theagc-mcidcncei3,thereforc, later tlian that of 
paralysis agitans, though vascular lesions rcbiiltlng from byperpiesia 
may produce the syndrome earlier in life. The onset is usually in- 
sidious, hut in some cases folloua a 'stroke*; and a series of mild 
‘strokes’ may each be followed by an increase in the severity of the 
symptoms. 

Of tho true Parkinsonian sy-mptoms, the cxpre-ssionless facies, 
bodily attitude, slowness and weakness of movement, and the 
festinating gait are the commonest. The rigidity is often atypical, 
being variable in degree and predominating in the flexors of tho 
elbows and in the extensors of the knees. Parkinsonian tremor is 
rare in these cases, though senile tremor may occur. Catatonia is not 
uncommon It seems probable that the symptoms are in part due 
to lesions at a higher level than the corpus stnatum, interrupting 
cortico-striate fibres. 
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The course of the disorder is more rap^ than that of paralysis 
agitans. WJjen tlio Wood-iiTOssure is high, a fatal cerebral haeinor* 
rhage may occur. When the decrescent form of arteriosclerosis is 
the cause, dysphagia, contractures, and incontinence render nursing 
difficult, and the patient succumbs in a icw years Dementia further 
reduces the expectation of life 

The Diagnosis of Parkinsonism. 

It is necessary (1) to distinguisli tho Parkmsonian syndrome from 
other conditions which may simulate it, and (2) to discriminate the 
vanous pathological states which may be responsible for it. The 
most striking Parkinsonian symptoms being tremor and muscular 
rigidity, Parkinsonism ia most likely to be confused w^th conditions 
causing one or other of these symptoms 

Other Causes of Tremor. 

Sitiih Trmor. Tremor is not uncommon in old age It differs 
from Parkinsonian tremor in being finer and more rapid At first it 
is absent when tlie limbs are at rest and occurs only on voluntary 
movement. Later it may bo present during rest also It is most 
marked in the upper limbs, but is more frequently present in the 
head than Parkinsonian tremor It is not associated with muscular 
weakness or rigidity. 

Familial Tremor. There is a form of tremor which may occur in 
several members of the same family, sometime in successive genera* 
tions It may bcgui in infancy and usually develops during the first 
tw enty-five years of life It is a fine tremor, increased by voluntary 
movement and emotion, and may be generalized or involve especially 
the hands. Ups, and tongue As a rule it {lersists unchanged through- 
out life and no other nervous abnormality occurs In rare instances 
paralysis agitans has been observed in a member of a family afflicted 
with familial tremor. 

Hysterical Tremor. Two forms of hysterical tremor are en- 
countered: a fine tremor, localized to one limb or generalized, and 
resembling tho shaking of extreme fear, of which it is probably 
a perpetuation; and a coarse, irregular sliakiiig, intensified by 
voluntary movement. In common with other hysterical symptoms, 
hysterical tremor is characterized by its irregularity, variability 
from time to time, and by a tendenq^ to diminish when the patient’s 
attention is distracted and increase when it ia directed to the affected 
part of the body. 

Tremor in Hyperthyroidism. This is a fine, rapid tremor usually 
confined to the outstretched arms and sometimes more marked on 
one side than tlio other. Tho associated exophthalmos, thjToid 
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enlargenient, tachycardia, and flusticci and aucaling skin rc-iider 
diagnosis easy. 

Toxic Tremor. Tremor may bo a s^'niptom of into-xicatlon nitli 
vanous poisons, especially mercur)', cocaine, and alcohol. ITio 
tremor of cocaine addiction and clironic alcoholism is fine and is 
unlikely to be confused nitli ParkinMninn tremor. The tremor of 
chronic mercurial jiuisoiung and delirium tremens is somewhat 
coarser, but has not the rhythmical t-liaracter of I’arkinsoni<in tremor. 
In all these casc^ the cause is usually easily discoverable, nn<I in 
delirium tremens the acute onset and characteristic mental symptoms 
are distmctive. 

DisatminoUd Scltrosia. In disscmiiulcd sekrosis intention tremor 
is common It is absent when the limb is at rest and develops only 
during voluntary movement, increasing os the limb npjironchcs its 
ohjcclne. In this re«i>ect it is the opiKX'titc of Purklnsonian tremor, 
which is prc'icnt at rest and often diminishes on luureinent. Static 
tremor is rarer in disseminated sclerosis, and is most often seen in the 
head It disappears when the patient is l^nng %ritli the neck muscles 
rela'ccd Li this disease there are usually ii^stiigmus and signs of 
p^Tamidal lc»ions, which, apart from the character of the tremor, 
distlngukh it from Parkinsonism. 

General Paralysis. Tremor afloctiug e^pecla^y the face, tongue, 
and hands is an early symptom of genera] paralysis. This is a Cue 
tremor, incre.'iacd on \oluntary movement. The mental .changes, 
Argyll Robertson pupils, signs of pyraniidAl Icrions, and positive 
Waasemiaon reaction in the bloo<l and spinal lluld will distingukh 
the condition from Parkinsonkm. 

Other Stales of liiyidUif, 

Catatonia. Catatonia is a slate in which the patient sjiontaneoiialy 
becomes immobilized in a fiseil altitude wldcli may jx-rsiat for hours. 
Sometimes an attitude passively imposed by the ob-server is similarly 
mamtamed — waxy fle.xibility. Catatonia opjiears to be a symiitoin 
of chsordcr of function of the frontal lobes. In tho limbs it may be 
unilateral or bilateral. It is encountered in individuals suffering 
from tumours, vascular lesions, indamiuatory* and degenerative states 
mvolving the frontal lobes, in jnyclioses, especially schizophrenia 
(dementia praecox), and in hysteria, and it can be produced by 
hypnotic suggestion. Apart from facial immobility the attitude in 
catatoma does not resemble that of Parkinsonism. In schizophrenia 
and in hysteria it is frequently associated w itli mutism, and in organic 
disease with other symptoms of afrimtal lobe lesion. Waxy' flexibility 
13 not a sy'raptom of Parkinsonism. 

Ilyslcncal RiyidUy is cbaractenzed by the fact that the degree 
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of tljs ngidity is pro]>ortional to tlie obser>er’s efforts to oiove 
the lUnb. In Parkinsoiiisni the ripility is, by contrast, a definite 
quantum whicli always yields to the exercise of slightly greater 
force. 

Spasticity due to Pyrflmirfnlicaionsisdistuiguished by the selective 
distribution of the rigidity to certain muscle-groups, usually the 
flexors in tlio upper and the extensjorsin the lower hmbs. Sloreover, 
it tends to be maximal at the beginning of a passive mov einent and 
to diminish as the movement proceeds Parlcinsonian ngiihty is 
uniform both m ita distribution and throughout tiio angle of joint 
raoicJiienfc In pirnplegia-m-flcxion liyi>crtonia occurs in the flexors 
of the low cr limbs, but in tins condition, as in paraplegia-m-extcnsioii, 
the plantar reflexes are extensor, whereas they are flexor in uncom- 
plicated Parkinsonism 

Multiple Ariliritis. Rigidity due to joint disease occasionally 
simulates Parkinsonisni, especially when the \ertebral joints are 
affected. The flexion of the spine and immobility of the head may 
at first glance ho deceptive Pain in such cases, however, is always 
severe at some stage of ttie disease, and it is easy to demonstrate 
that tiio rigidity is bony and not muscular in oiigin. 

Diagnosis of the Cause of Parkinsonism. 

The diagnosis of the cause of Parkinsonism is based upon the 
recognition of the distinctive clinical fc.x(urcs of the various under- 
lying pathological states, and as thc-io Imvc already been described 
in full, tiicy will now only bo 8umm.mzed 

Paralysis AgUans Tlie onset usiwlly occurs between tiie ages of 
50 and GO, and there is no history of a jirevious attack of encephalitis 
The pupillary reactions are normal. Tremor is usually pi-ominent 
from the beginning. Progress of the disorder is slow, and the patient 
usually survives for a number of jears. 

Parldnsonism following Encephalitis Lilhargica The onset usually 
occurs before the age of 40 There is soiuotjiiies, hut of recent jears 
not often, a liistory of an acute attack of encepliahtis lethargica 
characterized by headache, disturbance of sleep rhythm, and visual 
impairment or diiilophi. The pupillary rca^ions are often impaired, 
especially that to accomiiicHlation. Rigidity usually precedes tremor, 
w liich is sometimes inconspicuous throughout tiio lUnc.ss The course 
of the disorder is usually more rapidly progreesivo tiian that of 
paralysis agitans. 

Arteriosclerotic Parlinsonism. Tlus usually develops after the age 
of 60 and signs of general arteriosclerosis are conspicuous Though 
often msidious, the onset sometimes follow s ft 'stroke’. The Parkin- 
sonian clinical i)icture la often incomplete and tremor is rare. Other 
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signs of cerebral arteriosclerosis, especially pjTamidal lesions, are 

frequently present. 

Trautnatic ParLimonUm is readily distinguished by the history of 
head injury, syphRitie ParkiaaonUm, by serological tests; Parkin- 
sonism due io manganese poisoning, by the historj’ of industrial 
exposure to the metal and the ossodatcd hepatic cirrhosis and 
kepalo-lenUcular Regeneration by ifie famlhal incidence, early onset, 
and associated hepatic cirrhosis. 

Treatment. 

Though the treatment of Parkinsonism is palliativo rather than 
curative, much can be done to relieve the patient's discomfort. The 
cause of paralj'sis agitans is unknonn, but its frequent onset shortly 
after the menopause in iromen suggests that loss of secretion of the 
gonads may be a predisposing factor. The administration of ovarian 
foUicular hormone to women thus poss^ses a rational basis. By 
analogj’, ligature of the vas deferens has been carriwl out in men and 
testicular extract has been administered. 

Tlie sufferer from Parkinsonism should be encouraged to lead an 
active life os long as possible. Ma.^sage and passive movements ore 
valuable for their temporaiy effect in diminishing the rigidity, but 
mote as a means of postponing the development of contractures. 
The only drugs uhich iniluenco the rigidity are those of the bella> 
donna group, and these also diminish salivation and sweating, which 
are sometimes troublesome sj-mptoms. H>oscine hydrobromide may 
be gi%en in doses of from l/200th to I/oOth of a grain tnice or tltrce 
times a day, tincture of belladonna in doses of from 5 to 15 minims, 
and tincture of stramomum in doses of from lU to GO minima thrice 
daily. Atropine sulphate may be given in 0 5 per cent, solution 
beginning nith 1 minim three times a day and gradually increasing 
the dose till no further benefit occurs. Excellent results have recently 
been claimed for a decoction of Bulgarian belladonna root. An 
extract of this (Homburg CSO) is given in the same doses as atropine. 
With all these drugs l;6th of a grain of pilocarpine may be given 
tuice a day to diminish side>cffcct8 which may include sUght delirium, 
dimness of vision, owing to dilatation of the pu])iU and pircsis of 
accommodation, cliyncss of the mouth, and gnstro>LntestinaI disturb* 
ances Dimneas of vision may be controllctl by the instillation of 
a drop of J per cent, of esenoo into each eye, daUy or on alternate 
days. Tremor is most difficult to control. Biilbocapninc, though it 
diminishes tremor, has unpleasant effects and has not come into 
genera] use. Benzedrine is sometimes of value io diininishmg the 
rigidity and oculo-gjiic spasms and tmproi'ing the mental state. 
DoscsrangingfroniG to CO mg. of the sulphate daily have been given. 
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Tremor may bo temporarily tluniniUied by o drive iii a motor-car. 
Aspirin, bromide, and phcnobarbital may bo required for the relief 
of imin, restlessness, and insonmia. When the patient becomes 
betlridden luucli care will be needed to prevent the development of 
bed-sores. 
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3 . REPATO-LEiiTlCULAR DEGENERATION 
Synonyms : Tetanoid chorea ((3owers) , pseudo-sclerosis (Westphal) ; 
progressive lenticular degeneration , Wilson’s disease. 

Definition: A progressive disease of early life which is frequently 
familial and is characterized pathologically by degeneration of 
certain regions of the brain, especially the corpus striatum, and 
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cirrhosis of the liver, aud clinically by increasing muscular rigidity 
and tremor Although jk^eudo-sclcrosis, uluch was first in%estigafe<l 
by Alzheimer, Westphal, and others betweetj 1S83 and 1S9S, and 
progrcssi\c lenticular degeneration, described by Wilson in 1912, 
were at one tunc thought to be different diseases and are stUl so 
reganled by some authorities, they are now more usually considered 
to he identical and are both included under the title hepato-lentieular 
degeneration. Since both lenticular degeneration and cirrhosis of the 
liver were found m ThomalIa*s and Witnnicr’s cases of torsion spasm, 
it appears that some examples of this disorder are varieties of hepato* 
lenticular degeneration, 

Pathology. 

The pathological change in tlie nervous system consists of a 
degeneration of ganglion cells with ueuit^lial ocergrouth, but uiih- 
out ecidenec of uiilamiuation or vascular ubnonuahty. This change 
IS most marked in the pulamen of the lenticular nucleus. The 
caudate nucleus is ustuiUy similarly affcctnl, though to a less extent, 
hut the globus piallidiis is Ic»s frequently involved, biniilar altera* 
tions are often present m other parta of llie nervous system; for 
example, m the cerebral cortex, the optic tliahimus, the cki nucleus, 
and the cerebellum. MacroscopticaUy the most coiH]>icunus abnor* 
mality is found in the leuticular nucleus. In about half thorcconlcd 
cases visible softening and cavitation of both leuticular uucloi have, 
been observed. In other cases the nucleus has appioarcd ahrunketi 
and occasionally its nakcd.c;po appicarancc is normal. 

In the liver the chango.s are those of a multi-lobular curhosis 
uhicb possesses no distinctive chamcUri'iticii aud is often associated 
with ciilargcnient of tiio spleen. ^ 

Aetiology. 

The cause of the disorder is obscure. There is eviilcuco that in 
some cases at least the destruction of the Uv cr prccwles the degenera- 
tion of the hram. It is unlikely, however, that the former is m itself 
the cause of the latter, as onlinary portal cirrliosis of tlio liver does 
not lead to cerebral degencnitioii. 

The most plausible liypiothesii is that Iwth conditiuns arc piroduced 
a toxin which is ab-orboil from (ho alimentary eaual aud which, 
having damaged the liver, is ablo in cutt&eqiiciieo to obtain access 
to the general circulation. In this eonne.xion it is interc-stiug that 
mang.incM? jioisoning prcKluccs both (irrhu-sis of the liver and de- 
generative changes in the caudate nucleus and piutamen. 

In about half the rownled ca*<s lie|tatu-lcnticulflr degenerotion 
18 a familial disease, and in two unveriticd rases it has npipa-ared in 
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more tliau one generation. In tUo x>rcscnt blate of o\ir knowledge 
Us character might equally well bo <hio to the exposure of 

incJnlHTs of A family to the samo cjivironnient ;js to their j)artieipa- 
tiun in a common inheritance. 

It is a disease ofadolcsccueoaml early adult life, usually beginning 
between the ages of 10 and 35 years. 

Symptoms. 

Xenvus Syinjilrms. 

In most cases tremor is the first symptom, occurring when the 
limbs arc at rest and incroa-swl by \oluntnry movement. Athetoid 
ami imthing movements of tlie trunk and limbs have, houever, been 
observed, and onu p<iticnt in the terminal stage exhibited violent 
muscular spasms rc'cmbling tetanus. 

Rigidity soon develops and is preaeiil in all cases. In distribution 
ami general character it resembles the rigidity’ of P.irkinsonism 
The limbs become fixed, usually' in a jiosition of ticxion, and contrac- 
tures ultimately develop. 

Voluntary movement is inqiaired, and articulation and deglutition 
aro early and severely affected Siicech may become umiitelligible 
or the [Mtient may even loso entirely the pouer of nrticnlation The 
fucics exhibits, as in ParkinsoiUsin, a vacant, c.^pressionless appear* 
nnco, or a vacuous smile Ixiss of emotional control is usually present 
anil involuntary laughing and crying may occur. There scorns alivays 
to bo some degree of mental deterioration ainuuntmg to a mild 
dementia. There is no essential change in the tendon-jerks or the 
abdominal rclloxes, though muaenUr ngidity may* render tliem 
difficult to elicit. The plantar rellexcs aro flexor and there is no 
disturbance of sensibility. 

Comeal PigmenUiliun. 

Comeal pigmentation was first observed by Kayser and Fleischer. 
Although it has been describcvl in only’ a proportion of cases, it is 
prc.scnt with sullicicnt frequency to remler it of diagnostio value It 
may’ bo invisible in daylight and is best seen witii tho slit lamp and 
corneal microscoy>e. It consists of a zone of golden-brown granular 
pigmentation about 2 mm. in diameter on the posterior surface of 
the coniea tow'ards the limbus. It may be present before any nervous 
isymptoras Viavo liLwelopwi. 

Symptoms of Cirrhosis of (he Liter. 

' j:Uthough these may bo inconspicuous, in more than one case 
they have proved fatal before tho patient developed any nerv’ous 
symptoms. Jn the early stages pyrcxial attacks, with slight jaundice. 
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may occur ; later the liver may be enlarged and ascites, haematemcsis, 

and other sj-mptoms of portal obstruction may be present. 

Tests of liver function usually reveal no abnormality, even in 
advanced cases. 

Diagnosis. 

There are few disorders with which hepato-lentieular degeneration 
IS likely to be confused. No other disease is characterized by the fam- 
ilial occurrence of tremor and rigidity in the second decade of life. 
Comeal pigmentation and symptoms of cirrhosis of the liver, when 
present, are pathognomonic. Sporadic cases may simulate other dis- 
orders in which the corpus striatum is damaged. Double athetosis, 
which is characterized by muscular rigidity and chorco-athetoid 
movements, is usually congenital. Symptoms are therefore present 
from an early age, and improvement lends to occur. Encephalitis 
Icthargica sometimes leads in childhood to s^'mptoms which closely 
rcsemblo those of hepato-lenticular degeneration- A hbtory of an 
acute attack of encephalitis, when obtainable, will distinguish the 
former 

\\Tien hepato-lenticular degeneration is suspected in one member 
of a family, all the siblings should bo caamined for evidence of 
nen'ous abuoroiabtics, cirrhosis of the liver, and conical pigmenta- 
tion Any of these ej-mptoms, if present, not only will render it 
possible to anticipato the development of the disorder in other 
members of the fatnily but will afford support for tho diagnosis m 
the patient already affected. 

Prognosis. 

The course of the disease may be acute, subacute, or chronic, but ' 
it is invariabl}' fatal. In the sbortc^t illness on record death occurred 
five weeks after tho onset of B^mptoms. Fifty per cent, of patients 
die m from one to six } cars. It is now* recognized, however, that the 
duration of the disorder may sometimes bo longer than was nt one 
time supposed, and Hall lias collected from tho literature 11 cases 
m which the patients survived from fourteen to thirty years. 
Treatment. 

Treatment is purely sj'mptomatie and should bo carried out on 
the same lines as for Patkinsoiusm. No method of retanling the 
course of the disease is known. 
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4. TOimOK DVSTONIA 

Synonym: Dystonia musculoruni defonuans (Oppeiihcim). 

Definition: A syiidrotuo cliaractcmetl by involuntary movements 
producing torsion of the limbs and the vertebral column, >v}iich may 
occur as a symptom of more than one itatitological btatc. 

Aetiology and Pathology. 

Torsion dystonia is a rare syndrome ^tbich was firat described by 
Schualbo in 100$ in three siblings. Mendel in 1010 collected 30 cases 
from tlie literature. It is rrc<)ucntly, though not invariably, familial, 
and appears to bo particularly prevalent among Russian Jews 
Patiiological investigations liaro i^cn carried out in few cases. In 
TlionialJa’s and Wimnier's cases cirrhosis of the liver uas found, 
together with degenerative changes in tho lenticular nuclei, while in 
addition in Tliomalla’s case similar changes were found m the corpus 
Luysi) and in H'nnmcr’s cose in tho thalamus, hypothalamus, and 
dentate nucleus of tho cerebellum. On the other band, Levy 
and Wimmer have shown that torsion dystonia may occur as a sequel 
of encephalitis Icthargica It is evidently a syndrome which may be 
produced by a variety of disorders, tho famdial oxamjdca being prob- 
ably due to a cerebral degeneration allied to, if not identical with, 
hepato-lcnticular degeneration. 

Symptoms. 

In tho familial cases the onset usually occurs in childhood or ado- 
lescence, and the abnormality is fnequeutly first noticed when the 
patient walks. In Schw'albe’s family tho disorder began with spas- 
modic plantar flexion of the feet, rendering it impossible to place the 
heel on the ground. The involuntary movements in the upper limbs 
consist of rotation or torsion round the long axes and are associated 
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Mith similar torsion movement'* of Ums vertebral column, especially 
in the lumbar region (Fig. 37). Tlicre are frequently lottlosia and 
scoliosis, nhich are conspicuous uhen the luticnt walks, but tend to 
disappear when he lies down. Other forms of involuntary move- 
ment, such as tremor and ni>oclonic mustular contractions, have 
been descnbed Muscular tone is variable, being exaggerated during 
the si>asms and sometimes 
diminished in Uie intervals 
betuccii Uiem. Signs of 
a lesion of the pjTamiclal 
tracts are absent. There 
is 110 muscular wasting. 
The rellcxes are normal, 
and hcnsibility is unim- 
paired. Ps^'chical changes 
are absent, and spcocli is 
usiiaUyunalTcctod. Corneal 
pigmentation has not been 
desenbed. 

Diagnosis. 

Torsion, d^'stonia must 
bcdi'tingiii'licd fromotlicr 
forms ofinv oluntnry move- 
ment , c^}leciaIly from athe- 
tosis and from churea. 
In atLclo<is the move- 
ments, w hich arc of a slow, 
writhing character, im olve 
the peripheral parts of 
tho limbs, rather than the 
pruMinal as in torsion sjw'.in. Double athetosis, moreover, is usually 
congeuital, and hence the niov cmcnls develop at an earlier ago than 
torsion spasm. Choreic movements, like athetosis, involve the peri- 
pheral parts of the limbs to a greater esUnt than tonuon ilyatonhi. 
In chorea, however, movements of rotation of the limbs and trunk 
occur, but tlicy are quicker ami briefer than the lorrc^pondiiig 
movements of toi>Ion spasm. Hysteria may cause bizarre in- 
volunt-ary movements rswemWing torsion di,sloii{a, and Schwalbe 
lonsidercd that tho movements in his i»ticnts were neurotic. 
Hvbtencal involuntary movements, however, rarely involve the 
trunk and the proximal jiarts of the hmbs, and in hysteria tho 
emotional attitude of the ^laticnt to the disorder and the presence 
of other hv steriuil b^vopioms usually settle tho diagnosis. 



Kio 55. .A uuH.' ut (l>->tuitia. 


TORSION DYSTONIA 520 

Prognosis. 

In view of the probability tliat torsion dystonia is a symptom of 
a number of disorders, no generalization can be made concerning 
its prognosis. In some cases recovery lias been described. Others 
remaui stationary. In some of the fatal cases the disorder has run 
a course similar to that of hcpato-Ienticular degeneration. 

Treatment. 

An attempt should be made to ameliorate tlie involuntary move- 
ments by meaiisof rest and re-educationalcxercises. Sedative drugs, 
sucli as the bromides, eliloral and pbenobarbitnl may also liclp to 
diminish their severity, and drugs of the bcliadoiina group may be 
tried as for Parkinsonism In severe ca&cs Putnam’s (1033) operation 
of antero-lateral cliordotomy may greatly improvo the patient’s 
control over the limbs. 
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5. SPASJIODIC TORTICOLLIS 
Synonym: Wryneck 

De^nition: A rotated attitude of tlie head, brouglit about by 
dome or tonic contraction of the cervical muscles and occurring as 
a symptom both of organic disease of the nervous system and of 
hysteria. Torticollis of organic origin is a fragmentary' form of 
torsion-spasm. RctrocoUis is a similar disorder, in vthich the neck 
is extended. 


Aim 
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Aetiology and Pathology. 

In the past, confusion as to the nature of torticollis has arisen from 
a failure to distinguish hysterical torticollis Irom torticollis occur- 
ring as a symptom of organiediaease. Smee torticollis can be effected 
Toluntanly, it may occur as an hysterical symptom, being then a 
form of tic. The hj'sterieal nature of the symptoms in such cases Is 
proved by the fact that it Is often possible to discover and remove 
its cause by psychological methods. There is abundant evidence, 
however, that torticollis may occur as a result of organic diaease of 
the nervous system, and in such cases there are grounds for regarding 
it as a liimted form of torsion spasm. It may occur as a sequel to 
encephahtis letbaigica, with or without Parkinsonism, or as a part 
of other eatrapyTamidal syndromes. Since torticollis os an ^.o- 
lated symptom is not fatal, pathological investigations are scanty. 
Cassirer, however, has reported a ease in which degenerative changes 
were present in the corpus striatum and were asaociated with 
cirrhosia of the hver and Foerster (1933) one in which bilateral focal 
ledons of the corpus striatum were ptv>cnt. Physiologically, torti- 
collis is a disturbance of the normal posture of the head. The rotated 
posture of the head which follows unilateral labyTinthectomy aod_ 
lesions of the eighth, nerve indicates the importance of the labyrinth 
in the maintenance of the posture of the head, and torticollis is 
probably due to a legion involving the higher centres concerned in 
this function, moat frequently* in the neigbbourliood of the conms 
striatum. Both sexes are affected, and the onset usually* occurs 
dunng adult life. The disorder may be familial. 

Symptoms. 

The development of torticollb is usually' insidious but tnay bo 
sudden, especially when it is a symptom of liysteria. The rotation 
of the head is brought about by contraction of the cervical musclei, 
and though both the superficial and deep mu.sc]es of the neck ore 
involved, the muscular contnmtion is evident to the observer only 
m the stemomastoid, trapezius, and splenius. The precise posture 
of the head vanes in different cases. Contraction of the stemo- 
mastoid alone causes rotation to the opposite side, with fiexion of the 
neck to the side of the contracted muscle. Rotation, however, may 
occur without lateral flexion, or the head may be flexed to the side 
to which it is rotated, in such cases contraction of the stemomastoid 
on one side being associated with contraction of the splenius and 
trapezius on the opposite side. Hie disturbance may be predomin- 
antly tome, leading to a sustained poature, or may consist of re- 
peated clonic jerks, as is particularly common in hysterical cases. 
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It may be possible to modify tho aboormal posture by altering the 
position of the patient in relation to gravity, for example, from the 
erect to tho supine, or from tho supine to the prone position. There 
may or may not be resistance to passive movement of the bead in the 
direction opposite to tJie abnormal position. In a feiv cases torti- 
collis has been associated with paralysis of rotation to the opposite 
side. There may be spasm of the fac^ muscles and platysma on the 
side to which the head is rotated, or spasmodic torsion movements 
of the upper limb or of the whole body. The patient not infrequently 
finds that ho can inhibit tiio torticollis by exerting slight pressure 
with his finger upon the jaw on the side to which the head is rotated, 
and the movement ceases during sleep. Pain may occur in the 
cervical muscles. The reflexes and sensation are normal. 

RetrocoUis is due to a bilateral contraction of the splenius and 
trapezius. 

Diagnosis. 

The distinction between hysterical torticollis and torticollis of 
organic origin may be difiicult Hysteria should be suspected when 
the symptom develops suddenly in circumstances of mental etresa, 
and also when it can bo controlled by relaxation and suggestion 
A complete examination of the nervous system must be ma<le to 
exclude signs of organic nervous disease 

Spasmodic torticollis is distingiilslicd by the age of onset from 
congenital torticollis, which may be due either to fibrosis of one 
sternomastoid following a bacmatoma in the muscle, or to a con- 
genital deficiency of one-half of a cervical vertebra. It is necessary 
also to exclude as causes of torticoUis myositis of the cervical muscles, 
cancs of the cervical spine, adenitis of the cervical lymph nodes, and 
impaired ocular muscle balance. 

Prognosis. 

Torticollis is almost always an intractable disorder, but wlieii it is 
duo to hysteria great improvement and even cure may be effected by 
psychotherapy. Sufficiently radical surgical treatment has given 
good results in a considerable proportion of cases of organic origin, 
though tho spasm may recur after operation. 

Treatment. 

Hysterical torticollis should be treated by psychotherapy along 
tho same lines as other hysterical symptoms, and tho patient sliould 
bo taught to practise muscular relaxation Sedative dnigs, massage, 
and galvanism are useful accessory methods of treatment. Torti- 
collis of organic origin is unlikely to respond to medical measures. 
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Surgical treatment, therefore, should not be too long delayed. A 
number of operations have been recommended. Finney and Hughson 
dmde the spinal accessory nerves and tho posterior divisions of the 
upper three or four cervical nerves at their points of emergenco^from 
the vertebrae. Dandy combines division of the spinal accessory 
nerves with intemiption of the upper three cervical sensory and 
motor roots uithin the spinal canal, and Foerster performs intradural 
section of both the anterior and posterior roots of the upper three 
cervical segments. 
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' 0 ATHETOSIS 

Dtjinilion: Athetosis, or ‘mobile spasm’, is the term applied to 
a form of involuntary' movement which in some respects resembles 
chorea, as is recognized by tbe use of the term 'choreo-athetosis' to 
describe an intermediate condition. Atbetoid moveineuts, however, 
are slower, coarser, and more writliing than choreic movements. 
Athetosis is due to a variety of pathological states which damage 
the basal ganglia. 

Aetiology and Pathology. 

The same diificultica are encountered in localizing the lesion 
responsible for athetosis as In the case of chorea. Nevertheless, there 
is considerable evidence that it is usually situated in the corpus 
stnatum 

liihUral Alhelosis. 

Bilateral athetosis may be congenital, when it may bo due to the 
etat marhri of the corjius striatum described by Ojipenheim and 
C. Vogt (seo p. 540), or to tJio involvement of this part of tho brain 
in atrophic sclerosis, when symptoms of pyTamidal degeneration 
may co-exUt with the invoIunUry movements. Rarely bilateral 
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athetosis may (Ic\ elop during adolcsccnco as a progressive disorder 
terminating in gencralLitd rigidity, as a result of degeneration of 
the corpus striatum describctl by the Vogts as clnt dysmi/dlmique. 
Athetosis may rarely occur as a symptom of hepato-lenticular 
degeneration, and very rarely bilateral atlictosis may develop in 
adult life 

UiitlaUral AlhitojiU. 

Unilateral athetosis may alta> be congenital, being then usually 
associatwl uitli infantile hemi|>]egia. The brain in such cases may 
exiiihit the IHcIschowbky tyi»e of cerebral Iicmi-afrophy. in whicii 
there is an elective necrosis of the third cortical layer of the pre- 
ccntnil convolution, atrophy of the tiialamus, and a condition of the 
striatum described by the Vogts as (lalfibreiix, or false porenccjihaly 
may bo present. Umlatoral athetosis may also occur as a result of 
focal lesions involving tho corpus btrintum at any ago, due, for 
example, to Acute encephalitis or a cerebral lascuhir lesion couipli* 
eating tho ajiccifio fevers in childhcKxl, but it « more commonly seen 
in late luiddlo life and ol<I ago, as a result of focal cerebral boftcning 
secondary to atheroma 

Symptoms. 

Congenital athetous is not usually noticed until tho child is bovera] 
months old, when ubuorinal postures or movements attract the 
mother's attention. AtliclObis caused by an ucutc mnainmator,v 
or vascular Icaion of the braui may dovcio]) rapidly within a few 
days of the Icbion, or insidiously after an interval of bovcral weeks, 
when the shock has passed oil. 

Typical athetosis possesses the following features One or both 
halves of the body may bo involved Tlio muscles innervated by tho 
cranial iiencs arc always much more severely affected when the 
athetosis is bilateral than when it is unilateral In bilateral athetosis 
tho patient cxliibits frequent grimaces resembling caricatures of 
normal facial expressions of all kinds. Tiie tonguo is tho site of 
WTithing movciiicntB, of protrusion and withdrawal, and the patient 
is often unable to maintain it protruded unless it is held betw een the 
teeth Tho involuntary movement of tho bulbar muscles leads to 
dysar thna and dyspliagia nio bead may bo rotated to one or other 
side, or extended. In uiiUateral athetosis tlie facial movements 
usually consist of httle more than an exaggeration of normal expres- 
sions. In the upper limbs tho pcnpberal segments exhibit the m- 
volunUry movements toagrcateroxteiitthontheproximal segments. 
The limb is usually adducted and internally rotated at tho shoulder 
and semiflexed at the elbow*. The cliaracteristio posture of the hand 



534 EXTRAPYRA3I1DAL SYNDROMES 

is one of marked flexion of tbe irriat, with flexion at the metacarpo- 
phalangeal and extension at the interphalangeal joints, the jxisiture 
produced by contraction of the intero^iei, and the thumb is usually 
adducted and extcndc-d at the two distal joints. Tliis posture is 
dhturbed by slow, writhing moreiacnts of flexion and extension at 
the wrist and at tbe metacarpo-idjalangcal joints, the fingers remain- 
ing extended at the interphalangeal joints, with varj ing degrees 
of adduction and abduction of the fingers. Jlovemcnfs may also 
occur at the shoulder and elbow, leading sometimes to retraction and 
uitemal rotation at the shoulder and extension at the ell>ow. In 
severe cases of undatera! athetosis the patient characteristically 
grasps the aSected upper limb with tbe normal hand, to restrain the 
movement Except in the mildest cases the motemenU completely 
interfere with the voluntary use of the bmb. Tbe mox cinenta of the 
lower limb are usually less severe than tho»e of the up^ier, and again 
are mast marked in the distal segments. Tlie foot is usually main- 
tained in the position of tabpes equino-varus, often with marked 
dorsiflexion of the great toe. Athetotic movements ore always 
exaggerated by an attempt to use tbe limbs in voluntary movement 
and by nervousness and excitement. They diminish when the patient 
lies doivQ and disappear duriog sleep. Though Uie tone of the 
muscles is exaggerated during the movements, if suQicicnt relaxation 
can be obtained, they are usually found to be h^'potonic in the 
intervals. In severe cases, especially of uiulatcral athetosis, miucular 
contractures usually develop and the peripheral segmenta of the 
limbs become fixed ui (heir cliarac(rri&tic postures. 

Diagnosis. 

The mvoluntary movements are so distinctive that diagna^is is 
easy. Choreic movements are more rapid ami jerky; those of torsion- 
spasm slower and to a greater extent around the long axis of the 
limbs and trunk. Athetosis, in fact, is midway between chorea and 
torsioo-sposm. The age and mode of onset distmgui^h the cause as 
either congenital abnormality, j>rtgna,}.ivc degeneration, or acute 
focal lesion. 

Prognosis and Treatment. 

The medical treatment of athetosJa is disappointing. Hjo‘>cine 
and sedatives such as phcnobartuUI may slightly diminidi the move- 
ments. and some improvement may follow re-cHliuational exercises 
iXTsev cringJy carried out over a Jongfieriorl. Ex tensiv e section of the 
(lostenor roots innervating the upjicr Unib lias liccn adviKatvd. 
Horsley ami others — recently Bucy and Buchanan — have abolished 
the movetucnUi hy excising an area of the precentral convolution 
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corrcspoudij)g to iJjo affected Jimb. Putnam’s oj>eratioii of division 
of tho extra-pyramidal tracts in tho at\terior column of tbo spinal 
coni above tiio cervical cnlaij^incnt may greatly improve tho 
j»tient’8 control over the limbs. 
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7. CHOREA 
SYnnsiiAM’s Chorea 
.5yHony»t;St Vitus' Dance 

DtJinUion'. An acute toxi-infcctivo disorder of tho nervous sjstem, 
usually duo to acute rheumatism, ocemring in cluldliood and adolcs- 
cenc-o and charactcrUctl by mvoluntary movements as its most 
prominent 8> mptom. 

Pathology. 

Cases of chorea uhicli iiavo come to aulo])sy have often shown 
diffuse changes in tlic bram. Ma<roscopjc<illy oedema and congestion 
have been observed, ^licroscopically tho changes have usually been 
most niarkeil in tho carpus striatum, substantia nigra, and corpus 
Luysii, but cortical abnormalities have also been pre-^ent V'u&odilata- 
tion is conspicuous, but perivascular inliltration with l^'mphocytcs 
and plasma cells, though .sometimes present, is exceptional There 
is a diffuse ilcgencration of ganglion cells, and sometimes jicrivascular 
patches of degeneration with compound granular cell infiltration 
and neuroglial reaction have been described. 

Aetiology. 

The Urge majonty of eases of chorea in childhood are due to 
acute rheiimalisni, us is shown by the frequency with vihich other 
rheumatic mamfestations are jiresent or subsequently develop. 
Other infections may, however, bo tho cause, especially scarlet fever 
and diphtheria ; and choreiform movements may be encountered as 
a symxitom of encephalitis lethargica or as a rare complication of 
chicken-pox. 

Ilcmlity may play some part in aetiology, since some families 
appear to bo unusually susceptible to acute rheumatism, and there 
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lilt y be a family history either of chorea or of wime other rheumatic 
uianife'siation. Left-handedness is also sometimes a predisposing 
cause Tliere is a much larger incidence of left-liandcdness among 
sufferers from cltorca than among the general jxijiuUtion, and even 
when the jiatient is not left-handed other memliers of the family 
maj exhibit the peculiarity. 

The Mluto race is more susceptible than tlie coloured races, and 
females suffer more than males in the proportion ofnbout three to one. 
Chorea is rare before the age of 5 and after IlO; four-fifths of all cases 
otHur between thcagoofoand 15. 

Mental stress may play a {wit in the aetiology. Overwork at 
school may be a prctlis|x>aing factor, and it is not tmeominon for the 
onset of the attack to bo asenbed to a fright. In a small number of 
cases chorea occurs during pregnancy — chorea gravidarum. That 
ps,\chical factors may bo in {lart rc>]K>nsibIc for this is suggesteti by 
the fact that it is relatncly commoner in illegitimate pregnancies. 
There la often, however, a rheumatic history in such cases, and 
other rheumatic luanift stations may be prc-Ncnt. Chorea gra^ddarum 
usually occurs during the iiM prepmiicyaiid may recur in subwqueut 
pregnancies. It rarely occurs for the first time in a miiltij«irn or after 
the age of 25 ’rhyrotoxico>i3 is a mre cause 

S>mp(oms. 

Mode r»/ On^tl 

The onset of thun.'.a is UHitally msnlious. the first complaint being 
often that the ihild is clumsy and drO]>sllitiigs. When the movements 
are noticed it is described as rostleM, fidgety, or imablo to keep still. 
Sometimes the onset is more abrupt and is then often ascnbctl to a 
fright 

Itnxiluntiir!/ MottwtulJt. , 

Iiuolunlaiy movements are th« im»!«t pniminent s^-niptum of 
chorea Oiureic movements are beat desmUal as quaKi-p'uqiosive. 
Tlicy are muieiiicnts of a high onicr, and ntthoiigh they achieio 
no purj>o-.o they often re^cnibh* fragiiicnta of pur{)Osivc movements 
following one another In a disorderly foaliiun. In tho facu tlio move- 
ments are alwajs bilateral. Frowning, raising tho eyebrows, pursing 
the lips, smiling, and bimrre movemenU of the mouth and tongue 
occur Tho protruded tongue may bo held between the teeth to 
prevent its sudden withdrawaL Tlic ejes may bo rolled from one 
side to tlie other, the hc-ad turning in the Mine direction. 

In imid c.-u-cs tho s{x«di U not alTectal: in severe cast's there is 
c<jn*idcrable djiarthna, articulation being slurred and vronU some- 
tumt* being jcrkctl out cxplixjvvJy. In severe cast'iv also mastication 
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anila»alIo\ring may be sobCvcrelycUaturbetl that tUoiwticnt requires 
to be artificially fetl. 

In the iii)|>or limb mowmcnts occur at all joints. At one moment 
tljo elbow may bo JJc.vctl nml lb© fingers grasping Ibo bedclotiics ; at 
the next the arm may be llimg out in full cxtcn>ion. llcspiration is 
often jerky anti irregular and is frequently inifietled by luoiemoiits 
involving tbc abdominal uall and movements of rotation or Hexion 
of the spine. Mo\cmcnts of tlio loucr (imbs are usually less con- 
spicuous ami are most c%idcnt at the piTiplicry. Choreic move- 
ments are intciisilkxl by voluntary effort and by excitement They 
disiip]war during sleep. 

Afijiocinlfil J/orcwirnf5. 

In chorc-i the involuntary muscular coutractions normally asso- 
ciatetl «illi strong voluntary iiiotemcnt are exaggerated and at the 
baino time inco-ortlmatc. When tlio patient clenches his fist, vigor- 
ous as^Qciate<l movements may occur m the face, trunk, and limbs 
Yet observation shoua that even tbc sj-nergic extension of tbc WTist 
dssociatctl with strong flexion of the lingers is not normally earned 
out Contraction of the tie.\ors may confUit with, and even over- 
l>oucr, that of the extcnKirs. while the radial and ulnar extcnsoib 
may not contract .synehronoudy, so that the band deviates from 
side to side This disturbance of as.socute<l movement is an early 
sign of chorea which may prccctlo acUvo involuntary movxtneiits 
and can bo elicited in 6Us]>ecto<l cases by asking tlio patient to clench 
his fists over the observer's fingers, while protruding the tongue 

Voluntary Moiement 

In mild ca.sc8 voluntary jwwer is Uttio iinjviired, though the move- 
ments have an abrupt cbaraetcr. For example, if the patient be 
asked to stretch out tlie anus, be docs so uitb a sudden movement as 
though he were Hinging his bands away' from him. In severo cases 
the involuntary moveincntt causo considerable inco-ordination, and 
V olimtary pow cr may thus l>e iniitainxl. Muscular weakness may be 
very inarketl, as in so-eallcd paralytic chorea, though complete 
paralysis never develops. 

Uy 2 >oton{a and Posture. 

Hypotonia is invariably present in chorea and is best demonstrated 
by passively extending tlio wrists and ankles, when a considerable 
degree of hjqiercxtonsion can be obtained. Tlio so-called choreic 
posture of the hand, in which the thumb and fingers are hyper- 
extended at the metacar)x>-phalaugeal joints and the wrist ia 
flexed, is merely a mamhatalion of muscuUr Jiyqiofonia, being an 
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exaggeration of the normal attitude resulting from lass of tone in the 
antagonistic muscles. The upper limbs characteristically are hyper- 
pronated when outstretched and held above the head. 

Rejiexu 

The cutaneous retlexcs in chorea arc often exceptionally brisk ; 
the plantar reflexes are flexor. WTien hypotonia is extreme, the 
tendon reflexes may be difficult to elicit, but they are usually 
obtainable and sometimes show a characteristic prolongation of the 
muscular contraction. 

Sensory changes do not occur, and there is no disturbance of the 
sphincters 
ilental Slalt 

^lost clioreic children exhibit some emotional instability, but they 
are often above the a\ crage in intelligence. In se% ere cases there may 
be a persistent state o£-exci(ement associ-iled with insomnia— so- 
called maniacal chorea. 

Tki HcaH. 

Since in moat cases chorea is due to acute rheumatism it is not 
surpnsbg that cardiac abnormahtics are common. They are Jiot« 
honc^er, constant. When tbo heart is involved for the first time 
durmg the attack of chorea, the pulse-rate Is quickened, there is 
usually slight cardiac dilatation indicated by outuard displacement 
of the a()cx beat, the apical first sound is somewhat muffied, and 
there U often a soft systolic murmur in the mitral area. These signs 
point to myocarditis. M'iieii (be heart has been affected m jirerious 
attacks of rheumatism, signs of valvular damage arc more likely* to 
be prcMint I’ericanlitLs, artluitis, nml rheumatic nodules are rarely 
associated with chorea. Pyrexia is usually* absent, unless chorea is 
complicated by mental excitement or by other manifestations of 
acute rheumatism. 

Diagnosis. ' 

The diagnosis of chorea ij. usually simple, since tlic involuntary 
movements are distinctive. It is most hkely to be confusid with 
habit sjiasm, in which, however, the same movcoicntB ate repeated 
again and again. In atbetos-is the uiovementa are slower than in 
chorea and have well been described as mobile spasm, ilorcovcr, 
in most ca.<c8, athetosis in cluldbood u congenital in origin or is 
noticed before the age of 5. when cliorea is very rare. Hysterical 
involuntary movements may siinulatc clionsa. Thcio usually occur 
after the age of lo, and in female:>, and are an imitatiou of a case of 
true chorea The imitation, liowcvcr, is never exact. Tbo mov cmciits 
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are uswaJJy more jerky tlian tlioso of chorea, ajid are soiuetunes 
rhjthuucal. There is neither czaggeratloii nor disorgaiuzation of 
associated movements, and the fiiee usually escapes. 

Paralytic chorea may simulate other forms of p,iral 38 ia in child- 
hood It is distinguished from Itciniplcgia by the fact that the upper 
limb alone is paretic, and by the absence of signs of a pyramidal 
lesion, especially an extensor plantar reflex The absence of wasting 
and of changes in the cleetncal reaction of the muscles distinguislics 
it from poliomyelitis. A further diagnostic jioint is that even in tlie 
weak limb slight mvo]ui\tnry movements are present, and they may 
also be observed elsewhere in the body 

In maniacal cJiorca tlio mental state may uv'ershacloiv the physical 
symptoms, but the history of precedent involuntary movements or 
the presence of signs of endocarditis may enable the correct diag- 
nosis to be made. 

Chorea having been diagnosed, the cause can usually easily be 
ascertained. Many cases will show other evidences of the rheumatic 
Infection Even if these are absent, if there is no history of some 
other infection rhemnatism is the most likely cause. Confusion has 
arisen in the past from cases of encephalitis Icthargica charactcnzcd 
by choreiform movements, though these have not been observed for 
many years In such cases the characteristic lethargy is often 
absent, and the movements arc often associated with insomnia and 
mental excitement. Ocular symptoms, howe\er, may bo present, 
especially an impairment of the pupillary relicxcs, and possibly 
diplopia, and an excess of mononuclear cells may be found in tho 
cerebro-spinal fluid. 

Huntington’s cliorca is distiuguished by its onset m later life, 
usually after the age of 30, by its strung hereditary character, and by 
its association with progressi\e dementia 

Prognosis. 

Deatii from chorea is rare and occurs in only 2 per cent, of cases 
Most patients recover in from tno to three months, rarely in Jess 
than six weeks. Recurrences occur in about one-third of all cases: a 
patient may have two, three, four, orereniiioro at tacks. The average 
intervals between attacks is about one year; it is rarely more tlian 
two jears. The presence of other rheumatic manifestations, eg. 
valvular lesions, does not apjwar to influence recovery from chorea, 
but the occurrence of repeated attacks of chorea predisposes to the 
development of riieuiuatic carditis and endocarditis. Chorea, as 
such, leaves no serious sequels, though some mental instability may 
persist for a long time, and slight involuntary movements may bo 
perpetuated as a habit. 
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Treatment. 

All patients suffering from chorea should bo kept in lx:<I for at 
least four weeks, and should then be alioued to get up only if the 
movements are considerably dtnuuUhcd in fcos'cnty. Tlio presence 
of cardiac complications will jtrobably ncecssitate a longer stay in 
bed. and the condition of the heart must he considereel indcjariidently. 
Isolation of the patient is bcnential, and if jiossiblo the iliild should 
be nursed in a room by itself. In the hospital u-ard isolation may 
be obtained by the use of screens round the ixxl. Excitement is to 
be aioidcd, but in all but the most scxitc c.'lscs sumo quiet occiqia. 
tioD should be proiidcd. When tho nios'cnicnU arc vcr^'scicrc it 
inai bediihcult to keep the patient iu bctl and more convenient to 
nurse him upon a mattress jtlaccd U|>on tho duur. Sjiccia] attention 
must be devoted to the care of tho skin, and bony {lomts uhich ore 
liable to be abraded by being rubbed against the bedclothes in 
movements should be protected by lightly bandaging lliem with 
cotton-wool. Tho diet should bo ample. Ifd^sphagui is verj’ Micro 
it may be neces&ary to feed the patient by means of a tube. .Vspirin 
IS the moat generally useful drug, both because it acts os a eedatire 
and becauM it may have a siiecilic action ag.iinst tho rheumatic 
organism It may be given in doses of from 5 to 15 gr. of calcium 
aspirin thrice daily, or more oAen if aeeeM.iry. In mild cases no 
other sedative will be required, but in the more severe ca«e8. csficci' 
aUy when there U mental excitement, it may be necessary to give 
bromide, chloral, or phenobarbital Thclastof these three is pcrhai>s 
the most effective, and may be given in doses of from t to 1 gr. two 
or three times a day. If nccc:^‘<ary, it can be injcctwl subcutaccously, 
1-3 gr of phenobarbital sodium being given in llO ]xt cent, solution. 

Xirvanol, phen^Iethylliydantoui, Is a drug which is remarkably 
effective m the treatment of some eases of chorea. It is given by the 
mouth twice daily in doses of 0-15 gni. until a reaction apjx-an:. 
This usually develops after about ten daj-s and U charactcnzcil by 
fever, quickened pulse-rate, and a radi. The temperature may rise 
to 102’ F. and the pulse rate to 120 or lugher. It is clear that to 
obtam good results marked sj-mptoms of intoxication with nirvanol 
must be produced, and since in most cases recovx'ty from chorea occurs 
in response to less drastic methods of treatment, it is wise to restrict 
the Use of nirvanol to very aeveie cases. The same applies to treat- 
ment by means of artificial pyTexia. 

During convalescence attention should bo paid to re-education 
of the movements of tho limbs. This is best promoted at first by 
occupations requiring fine manipnlatimi, sueb as knitting, sewins, 
bead threading, drawing, and pamtmg. These, however, are of 
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JiltJu vajuu uuli’-s.^ carriciJ oi»l under supci-visioi) When t)je eJjjld is 
up, ami if tlie canlmo i-umluioii permits, remedial exercises 

m.iy l»o a<l(le<J. 

Tile inllueiiee of iufeitcHl tonsild thorea ami otlier rlictimutic 
nianifcalalions t.s diilicult to asM.'ss Tlie tonxiis sliuulii only lie 
romoscil when there is a history of rojicated t.oro throats and their 
condition clearly warrants the o)ieratiun Tins should not bo i>or- 
foniKsI until the child is (unvnieseeiit from chnn-a, but the fact that 
some moveinenta jHirMist U not u eOntra-iiidicatioii 

hi:fj:hi:xci:.s 

W. U. (lOSS) I'oijtureor the liaiitl iii churvu luul other slates of 
niunular h)|>otoiuit Lawtt, i. 43 ‘J 

1>AX ISOS', C >Ono(»(AUT.,S F , mimIMuuushkv. li {( 033 ) Cliroitic progrossixs 
ihorcA. .trcA. •Yrurof tC xxxii. 000 

Hast, (J. F. T, utul Ccixina's, K. ( 193 U) NirxHiiol ui Ihu trcnimeiit of 
chorta /^ite€l, ii lOO 

Liiruutrri:. J . ami pAovitz, 1* (lOJO) Attatomio ct plijsiologio palliolo- 
j;ii{ucs iJo (a I hor^ <lo 8.i<)o>ihani l^nr/pft^ff, xxv H, 

MsiJLs, F K. i‘. (IU3I) 7m* Loki^iMtioii uni) PAihoplijsiologio ilcr chotvH* 
tidcticii ti<.‘WC){\i(iS ZttKhr / 4 n<» .VruroJ » /’sycAw; cxisuji. 1, 
xov MAirsooiir. K <19311-30) 0*omh» uml Liiisrikkcm. ilonattchr f 
u Stunt Ixxiv 373 

HvNTIS(.TOH’S (’noHRA 

Dfjiniiion. A hereditary tUsordcr cliamcterized imtliolugically by 
degeneration of tlio ganglion eclis of the furcbrain and corpus 
stnattim, and clinically by clioreirorin inoxements niul progressive 
deincntia, wliuli ustmlly begin during early middle life 
Pathology. 

The brain is small and of diminished weight, the rciluction being 
chiclly, if not entirely, m the forcbmiii, which shows evidence) of 
marketl atrophy affecting the conxolutioiu oiid csjiecially the corpus 
striatum. The ganglion tills in Iwtli the caudato nucleus and in the 
put.imcn are touted in nuinbcm and sometimes almost absent 
According to Diuilap, tlie putanicii is more affected tlian tlio caudate 
nucleus and suffers most Ncvercly in its second ami tliird fourths. 
This observer found no loss of cells and no evidence of primary 
discA'ie in the globus {xallidus. Sueh shrinkago in size as occurred in 
tho latter apjicars to bo duo to destruction of fibres coming from 
the caudato nucleus and putamcn. Tho degenerative changes aro 
accompanied by an extensive proliferation of neuroglia. Tho ganglion 
cells of tiic cortex arc small and shrunken in apjiearance, and the 
white matter of tho cerebral hemispheres is reduced in amount, 
possibly more than the grey. 
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Aetiology. 

Huntington’s chorea is very rare in Great Britain hut is not 
imcommon In the United States of America. Though sporadic cases 
are occasionally encountered, the only knomi cause is lienxUty, and 
the disorder is mliented as a Mendelian dominant. According to 
Da\eDport and JIuncey its ancestral source tn the United States can 
be traced to three brothers Avbo migrated there in the seventeenth 
century Of a thousand cases in.certain districts practically all could 
be traced to six individuals. Both sexes are affected and transmit 
the disease mth equal frequency. The age of onset of sjmptoms 
IS usually between 20 and 45, but may be either later or earlier. 
Exceptionally’ members of afifcctcd sibships have developed the 
disease in childhood. 

Symptoms. 

The first symptom is usually mvoluatary movements, which 
develop insidiously. They are most conspicuous in the face and 
upper limbs, and arc usually more raphl and jerky than the move* 
ments of Sydenham's chorea. .\s the disorder progresses they lead 
to dysarthria and ataxia of the upper limbs and of tlie gait. Mental 
changes gradually develop, usually a few years after the onset of 
the involuntary movements They con.sist of a progressive dementia. 
Most patients become inert, apathetic, and irritable. Delusions may 
occur, and outbursts of excitement arc not uncommon. Suicide is 
exceptional 

As Davenjwrt and Muncey ha\e shoum, the clinical picture does 
not always exhibit the classical features just dcacribed. Dementia 
may precede involuntary movements or the latter may never apjioar. 
An example of this has recently been reported by Curran. Alter- 
natively ini oluntary movements may not be foUowed bv dementia. 
The onset of symptoms in childiiood has already been mentioned, 
and It is Stated that in some such cases the disorder after a time 
ceases to progress. 

Diagnosis. 

In typical cases with a family history’ the diagnosis is easy’. In 
sporadic cases progressive dementia developing in middle life m 
association with involuntary movements which .somewhat rcsemWe 
tremor may lead to a diagno«is of general paralysis. This, however, 
can easily be excluded by the absence of irridoplogia and by the 
negative serological reaction. Cerebral arteriosclerosis, which may 
lead to both dementia and ehoreifona involuntary movements, docs 
not usually develop until late middle life or old age. 
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Prognosis. 

Save in rare cases, tlio disorder is progressive and termuiatcs 
fatally, usually in from ten to fifteen years, though it may be much 
more acute, and on the other hand survival for twenty or thirty 
years is not uncommon. 

On account of the doniuiant heredity, half the cliildren of an 
affected jicrson may be expected to develop and to bo capable of 
transmitting the disease Those wlio remain free from it will not 
transmit it, but, unfortunately, since symptoms usually do not 
develop until middle life, it is iuipossibto in the case of children of an 
affected parent to decide whether they will transmit the disorder 
until they have passed the usual age of marriage. When, however, 
the ]UFcnt haa reached the ago of CO without deveJophig symptoms, 
it inaj* bo asLsumed that his children are unlikely to develoj), and hence 
to transmit, the disease 

Treatment. 

Tim onset of tio mental dete/iorailon fieqaejitly jjscessit&tes 
institutional care. No form of trc.itmcnt is kiio>vn to arrest the 
progress of the dementia or to control the involuntary movements 
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ScwiLE Chorea 

Choreiform movements may follow vascular lesions of the brain 
in middle life and old age. Their onset is usually sudden, and 
they are generally unilateral. Haemorrhage into the corpus Luysi 
causes violent bemichorea on the opposite side (Martin). Chronic 
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progressive chorea occasionally occurs in the absence of hereditary 
predisposition. The large and small cells of the caudate nucleus 
and putamen degenerate but the cerebral cortex is spared (Alcock). 
It is difficult to distinguish this from the sporadic occurrence of 
Hemtington’s chorea, though it has been stated that the age of 
onset of senile chorea is usually later than that of Huntington’s 
variety and that mental sjuiptonis are less likely to occur. Other- 
wise the symptoms and prognosis are those of Huntington’s cliorca. 
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CONGENITAL AND DEGENERATIVE DISORDERS 
1. CONGENITAL DIPLEGIA 

Congenital paral^^i^, IjttJe'i. disease, atrophic 

lobar selerosb. 

Definition: The term ‘congenital diptogia' is now used to include 
a group of cased characterize*! by bilateral and syinmetncal ilis- 
turharicea of ruofihty, uhich nro prvscnt from birth and which 
subsequently rciuain stationary or i>bow a tendency towards lui- 
pro\omcnt. Tliough commonly tbo lesion involves chiefly the p>Ta- 
midal tracts, causing weakness and s{KU>tic>ly which are most 
conspicuous in tho lower limbs, nicnlai defect, in\oIuntary move- 
ments, and ataxia may be present cither in asi>ocUtion with ijwstic 
wcaknes.s or as the sole inanifcstationsof tho cerebral lesion. 

Aetiology and Patliology. 

There luw been much dUensvion concerning tlio aetiology of con- 
genital diplegia, and tivo princiiml tbeories have been put forw ard. 
Tho view that niOot cases uero due to inpiry to tlig brain at birth 
through meningeal liacmotTbago was one of the earliest to gain 
acceptance. It was later tliouglit that asphyxia at birth might cause 
tho condition in the absence of meningeal haemorrhage. Smee a pro- 
portion of diplegi'c infants aio premature, tho condition has been 
ascribe*] to an arrest of mycIinatjojM>f the nervous system following 
premature birth. During the present <-entury tho view .^las been 
gaining ground that tlie damage rcsiioiisiblo for tlic diplegia occurs 
comparatively early in foetal fifo and that an arrest in development 
or an actual degeneration of certain parts of tbo nervous ay’btOui 
occurs in ulero. Tinally, congenital dijilq^ta has been ascribed to 
gross maldevelopment of the brain. 

Although tho attribution of congenital diplegia (o meningeal 
haemorrhage at birth appears plausible at first sigiit, there are 
serious objections to it. Tho jatliology of cerebral birth-injury lias 
now been thoroughly investigated, and it is recognized that menin- 
geal haemorrhage is usually unilateral, and when bilateral is rarely 
fijinmetrical. Though it maysometimes be responsible for congenital 
hemiplegia, it is unlikely to cause a symmetrical disturbance of 
function similar to that found in dipl^^a. Moreover, in many eases 
of diplegia labour is easy. 

It seems unlikely also that asphyxia at birth can cause diplegia, 
rrn 


\ 
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since many infants survive it without injury and again many diplegics 
are not exposed to it. 

It is equally difficult to accept prematurity as a cause, since most 
premature infants develop perfectly normally, and many diplegio 
infants are bom at full term. 

Pathological investigations support the view first put forward by 
Freud and Collier that in most cases of diplegia the arrest of develop- 
ment or the onset of degeneration occurs t» ulero. The commonest 
pathological finding is a condition which has received the name 
‘atrophic lobar sclerosis’. This is characterized by a symmetrical 
atrophy of both cerebral hemispheres with the destruction of 
neire-celis and glial pndiferatlon. To the naked ejn atrophy is 
apparent, and may be either dififuse or more or less localized. The 
convolutional pattern of the hemispheres is usually normal but is 
sometimes primitive. The atrophii^ convolutions are firmer than 
normal According to Buzzard and Greenfield the condition is one of 
neuroglial overgrowth assodated with degeneration of the neurones, 
& process aSecting primarily the deeper lasers of the cortex and 
spreading to the underlying white matter and to the superficial layers 
of the cortex. It U probable that the neuroglial hyperplasia is 
secondary to the neuronic degeneration. Tlie cause of tiie latter is 
unknown, but it has been suggested by Patten that on interference 
with myelinatioQ may come about in foetal life, owing to some 
maternal abnormality. 

A somewhat similar pathological condition localized to, or pre- 
dommant in, the corpus stnatum is responsible for congenita) double 
athetosis. This is the Hat tnarbr6 of the corpus striatum described 
by Oppenheim and C. Vogt, and so called because to tho naked eye 
a section of the corpus striatum presents a marbled appearance. 
Microscopically there is atrophy of the ganglion cells, which are 
replaced by a dense mesh of fine fibres filling the spaces betueeu 
islands of more healthy ti^ue. The caudate nudetia and putamen 
are more severely affected than the globus pallidus. 

Gross maldevelopmcnt of the brain is probably a rare cause of 
congenital diplegia, but in some cases tho convolutions have ex- 
hibited a primitive foetal pattern and the cortical ganglion cells hai e 
been primitive and confined to one layer. The cotptis callosum may 
be absent. Bilateral true {lorencephaly is duo to abnormal cerebral 
development, which leas esafreerommumotJoQ bejjreeo tieJaleraJ 
ventricle and the surface of tho hembphere, but this condition, 
involving as it docs the lower part of the hemispheres, is more likely 
to cause double hemiplegia with marked spasticity and weakness of 
the upper limbs than diplegia, m which the upjier hmbs are less 
severely affected than the lower. 
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Mioroct-plialy, in 35 l>cr ccnl of cases (Ford), js 

tliu result of the oorehral hypopla'da oiul not its cniiso, the size and 
shn{x: of the skull dejicndmg U]x)n tlio&e of the bratn 

ExivptioiuUy Longcuital dijdcgin appears in soNcral siblings, and 
this is sometimes the case Mrith Uoubk* athetosis. Congenital syphilis 
IS a rare cause of diplegia 
Symptoms. 

The syiiiptoms defiond ujion the distribution of the ilegonerative 
changes m the brain. TJie&o may iircdominateui tiie prefrontal i¥gion 
uhich is conccrncil Cbjjccinlly with psychical functions, in the pre- 
central convolutions, or in (he sulfonlinatc centres concerned in 
inutility .and its co-onluiation. Thiia one function may be nfiected 
almost alone, uitli the jirodiieijoii of ly}>es of congciiilal diplegia 
cbaractcriMxl by the predominance of (1) mental deficiency, (2) 
fijustic Mcakncss, (3) involuntary movements, and (4) cerebellar 
deficiency. Mixed varieties, hottcver, are common 

Frequently nothing ubiiomml is iiotieeil about the cliild at birth 
and for Rome time afterwards, though diplegic infants are often 
dilficult to feed. In some casca uucroocplialy and muscular rigidity 
aro so marUsi that nttcution is drawn to them early. Usually the 
child is only regarded as abnormal when it fails to reacli one of 
the landmarks of normat <lovclopmcnt at the cx]>eclod time Thus 
it may bo obscrvcsl that it fails to take notice of its Hurroiindmgs, 
that it docs not begin to raise its bead when !} months old, sit up 
at (3 months, ami begin to walk and talk at the end of the first year 
of life. Diplegio children, too, arc mtially late in acfjuiring control of 
the sphincters. 

.l/cntal Dejecl. 

Mental defect may bo the predominant symptom and then may 
occur in the absence of any grass disturbance of motility, except 
such clumsiness as results from an inability to Ic.m; to control the 
limbs. In otiicr coses mental defect is asweiated with diplegia. It 
ranges through all the degrees arbitrarily characterized as idiocj’, 
iinbecilit}', and fccble-mindcdness, up'to slight backwardness. Fre- 
quently the diplegic child appears to bo more defective mentally 
than is actually the c.aM!, since its slowness in learning to walk and 
its clumsiness in using its hands retard its mental development. 
Such children, though developing late, may ultimately achieve a high 
degree of intelligence in spite of severe motor disabilities. 

IVcakness and Spaslicihj. 

These symptoms, which are mainly attributable to defective 
development of the pyramidal tracts, are usually remarkably 
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sjonmetrical on the two sides. Rarely ono side is more affectwlthan 
the other. The lower limhs are always more severely affected than 
theupjwr. The severitj' of the sjmptoms of pyramidal defect varies, 
greatly in different cases. AVhen at its slightest, power and tone 
may be almost normal, the sole indications of the lesion being 
exaggerated luice- and ankle-jerks, extensor plantar responses, and 
shght contractures of the calf mimics, leading to a moderate degree 
of talipes equino-vanis. A somewhat more severe lesion causes a 
spastic paraplegia of the type originally described by Little, in which 
weakness and spasticity are confined to the lower limbs and the 
muscles of the lower trunk. The lower limbs aro rigid in a position 
of plantar flexion of the ankle, extension at the knee, and adduction 
and internal rotation at the hip, and contractures develop in the 
spastic muscles VohmtarypowerUoften fairly strong, though much 
hampered by' the spasticity’. The gait is characteristic, since the 
plantar flexion of the feet causes tlie child to w alk on the toes, while 
owing to adduction of-the hljw the knees may rub together, or may 
be actually cros-sed, the so-odled ‘scissors gait Tlio tcudoit tefloxes 
in the low er limbs are much exaggerated, and tlie plantar reflexes are 
extensor The abdominal reflexes aro frequently brisk in spite of the 
seventy of the pyramidal lesion. Spinal deformities, such as loixlosls 
and scohosis, are common 

Xu the most sciere cases the upper limbs and bulbar muscles Buffer 
from spastic weakness as well as the lower lunbs. In the upper limbs 
the rigidity’ is usually* most marked in the flexor muscles, and the 
involvement of the bulbar muscles leads to spastic dysarthria and 
in severe cases to dysxihsgui. Dribbhng of saliva is common. 

Inioluntanj J/oie»/iewis. 

Involuntary movements may be athetotic or choreiform, or may 
jiresent soma of the features of both, being then described as cboreo- 
athetoid. The charHctcristics of these involuntary movements are 
described elsewhere; see pp. 533 and 538 In the double athetosis 
of Oppenheim and \*Ogt athetotic or clioreiforin moveinents are 
present on both sides of (he body and are increased by voluntary 
and emotional moieinents The inioluntary’ movements" are most 
evident in the sbghter cases, being replaced by hyi)ertonia in the 
most severe cxamjiles of the disonler. Tlie face is expressionless in 
repose, but iavolunt.iry laiigJiing §nd crying fretiueiitly occur. There 
are gross distiirb.ince3 of articulation, phonation, mastication, and 
sikI m’cmfary muvcmenii of (iie lYmha is slow anil’ 
ciumsy. In typical double athetosis there is no clinical eviilcnce of 
damage to the pyramidal tracts and the plantar reflexes are flexor, 
but it is not uncommon to find athetotic or choreiform movements 
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associated Kith s^wstic diplegia of the typcdcscrihed in tlie previous 
section 

Cerebellar D'qjlegia 

111 tins rare form of diplegia there is marked hypoplasia of the 
cerebellum, and the symptoms ate those of cerebellar defiueiicy, 
especially ny&tagmua, hypotonia, and ataxia. 

Other Symiitojns. 

Primary optic atrophy may be associated, though rarely, with any 
of the forms of diplegia already described Tlie child may be blind 
from birth, and I havo^kiiown more than one case in kIiicIi it uas 
brought under observation on this account Squint and nystagmus 
are common in diplogic children, and Epilepsy occurs in a small 
proportion of cases. A moilerate degree of skeletal infantilism is 
usually present, and puberty is not uncotnmoivly delayed 

Diagnosis. 

Ill most cases diagnosis is easy, since the symjitoms have clearly 
been present since birth The presence of muscular rigidity readily 
distinguishes diplegia from amyotonia congenita and progressive 
spinal muscular atrophy of infants, in both of Minch conditions the 
muscles are Haccid. U is important todistiiiguish congenital diplegia 
from progressUe degenerative disordcis of tlie brain dovelopmg in 
early life, such as cerebro-in.icular ilegeneration ami diffuse sclerosis, 
both of Khich lead to bilateral s|)astic weakness The distinction 
IS based upon the fact tiial in these two disorders the child is 
normal at birth and devxlops normally during the early mouths 
of its life, and symptoms, when they develop, become progressively 
worse, whereas in congenital diplegia the child is abnormal from the 
beginning and its condition remains stationary or slowly improves 

Prognosis. 

The prognosis of congenital diplegia depends upon its severity and 
especially upon the degree of mental defect present In the most 
severe cases tlie child rarely survives more than a jear or two, 
usually succumbing to pneumonia. Even when the disability is only 
moderately severe, few’ affccietl individuals survive beyond the e,ar]y 
years of adult life. Although tome patients remain stationary, there 
is usually a very slow improvement in the motor symptoms, both in 
the group characterized by spastic weakness and in that in wliicii 
involuntary movements predominate, but this dejiends chiefly upon 
the mental state of the patient, and little Improvement can bo 
expected when a severe mental defect is present. In favourable cases 
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It may be expected that a child will learn to walk, eitn though it 
may not do so until it is 5 or 6 years oIcL 

Treatment. 

Treatment consists essentially of the education of movement com- 
bined with the removal as far as possible of the obstacles uliich 
result from contractures and deformities. Slucfi, therefore, depends 
upou the patience and care which are available for the education of 
the patient Every effort must be made to help tJie child to learn 
to walk, and by means of mnple games and occupations involving 
manipulative skill it must gradually be taught control over the 
moiements of the upjier limbs, ilassage, combined with iiassiic 
movements, is of value. Contractures must be dealt with by teno- 
tomy, and in addition severe adductor sj«sni may bo relieved by 
dividing the obturator nerve. Stoffel’s o|)cration, a partial section of 
the nerves supplying the spastic muscles, bos achieved good results 
m the hands of expcncnced operators. These operations, bon ever, 
should only be carried out in children whose mental capacity and 
voluntary power will enable them to profit by tliom. Epilejwy must 
be treated in the usual way. 
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• 2 . CONGENITAL AXD JATANTILE HE.MIPLEGLV 
Dc^nilion: ‘CoiigemUl hemiplegia' U .self-explanatoiy, ‘infantile 
hcmipjegia' is the term applied to Jietuiplegia ithich dci clops timing 
the first few jciirs of life. lake hemiplegia in adult life, it is a 
s%n){)tom of u large >ajicty of patholo^cai btatt*s. 
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Aetiology. 

TJie causation of heaiipJegia in childhood is in many cases obscure, 
and pathological im estigations of acute examples comparatively 
few. The most convenient classification b, therefore, one based upon 
tho clinical features and associations of the hemiplegia, and wo may 
recognize the following varieties: (1) congeiiital hemiplegia, (2) hemi- 
plegia complicating knowm infections, (3) hemiplegia of acute onset 
in the absence of any evident predisposing cause, (4) hemiplegia 
of slow onset. 

(1) Congenital hemiplegia is rare. There is a history of difficult 
labour in a large proportion of such eases, and tho commonest cause 
is probably intracranial haemorrhage occurring during birth. Less 
often the condition may be duo to a congenital cerebral deformity, 
such as true porencephaly, aplasia of the cerebral hemisphere, 
intracranial angioma, or a cerebral vascular lesion or enoephahtis 
occurring during foetal life. 

(2) Hemiplegia may occur as a complication of many acute in- 
fective disorders of childhood, but is uiuch commoner in some than 
in others Whooping cough is one of the commonest causes Less 
frequently it occurs iti association with measles, scarlet fever, diph- 
theria, chicken-pox, smail-pox, vaccinia, pneumonia, otitis media, 
septicaemia due to pyogenic orgaiusms, typhoid fe%er, typhus, 
dysentery, mumps, cliorea, cncophalitis Icthargica The relation- 
ship of the hemiplegia to tho infection which it complicates is often 
obscure. In jnany cases tho cerebral lesion b a vascular one. Thus 
meningeal and intracerebral haemorrhage have frequently been 
described in whooping cough, and arterial thrombosis and embolism 
have been observed in diphtheria Cerebral thrombosis, too, appears 
to be the commonest cause of hemiplegia in typhoid and typhus fevers 
and either cerebral venous thrombosb or cerebral abscess or men- 
ingitis may cause hemiplegia in cases of otitis media In scarlet 
fever so-called 'acute haemorrhagic encephahtis’ has been reported, 
while in small-pox, chicken-pox, vaccinia, and measles the lesion 
m most cases is a deno'elmating encephalitis, which is regarded by 
some as duo to the infecting organism and by others as caused by 
a secondary mfection. Acute poliomyelitis has been held responsible 
for the majority of cases of infantile hemiplegia of acute onset, but 
there is little evidence in favour of regarding it as a common cause 
of this condition. Actually hemiplegia is a rare occurrence m epi- 
demics of anterior pofiQm 3 'eIi{i 8 . Congemtal syphilis and tubercu- 
lous meningitis are rare causes. 

(3) Cases of hemiplegia occurring in early childhood ^vithoiit any 
obvious predisposing cause are slightly more frequent than those 
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Mhk-li fall MiJJjijJ tho jirewIiMg group, Thw s^iulromo hjw lx-<'n 
tlcsmlH-il aa Oio JUric-StrmniiclI or MriSmiK-ll-U-itlitiniti-ni tvjw 
of cnccplialitia. uml Strrinipcll at firfcl coiiaulta-J that the hemiplegia 
was tho result of infection of the brain with llio tirus of atuto [ailui- 
nijelitis As already statesi, thire is little b\ idinco that this iirgan- 
isin IS anjthing but a \ery exceptional cause of the 8yiiiln)me. In 
some uises the licmiplcgia U probably a manifestation of an <-ncfpba- 
Iilis or tow enccplialo|iathy of iiiiknuun origin. In ollicra it may 
be due to a vascular lesion, fur example luciuorrbuge or tbrumbosis, 
esjKiciiilly baeinorrlingo from an niigtoma or aneurjsm, or subdural 
haeinatoma. 

Infantile hemiplegia usiully alciclojis liuring Uie first three jears 
of life am! rarely after the age of 0. 

(-1) liemiplegia of slow i)i»s*-t is very rare in ihildhrsKi. 'Hic 
(allies include intracranial tiiinour, arising eithir m one cerebral 
bemupherc or in the iwns, wrcbral tulnTiuloma, luid diirn-a* 
Kclerosw 

Patiioloiiy. 

The juthulogiral ihsiigii*. as might la> wjieetetj, ate verj’ variwl. 
Cases Mliicb arc cxaininc-d shortly after Ibe 4>nset of the lirniiplegia 
fnKjueiitly shu» fuc-d vascular IcMuiis, including meningeal and in* 
trnfcrebnil haemorrhage and nrlirial thruinl>o«ii. WiescI has 
descnbeil dotniciivu changes in the len-bral urteriiia leading to 
necrosis of ilio metlia and atheroma in children mIio died of uente 
iiifi'ctivo diseases. In some cases the {hiliiologicalpkturt' lias la'cnso* 
called ‘acute hacmorrluigic onecpimhtis'. and a form of eneephahlia 
charuetcrired by jierii ascnlar deinyclinatloii m-euni in smnll-jiox, 
chickcn-}K)x, vaccinia, and measles. In brains exammist long after 
the on»et of tho licuiiplegia llio changes commonly found are menin- 
geal tliiekening, localue*! atrophic 8tlcro.'K e^aU, ami jiseudo-i«r- 
cncejihaly. 

S>mptonis. 

Congenital bcmiplegia is ii-ually deU-cted at uii early ngc, U'cause 
It js observeil that tho child dixw not luoio thofljfetltsl arm and leg 
normally, or because these limbs feci rigid. 

Infantile hemiplegi.'i uMially dttVclo|is suddenly. Wlicn it occurs 
as a eompheation of an existing iilfectice diM.-nsc hemiplegia does 
not usually dov elop until somo daya after the onset of the infection, 
usually during tho seconti neck aiwl sumetinies not until the patient 
is convalescent. Convulsions occur at the onset in a large proportion 
of cases Consciousness is lost and llio convuUii c inorcinents fre- 
quently predominate upon and may bo confined to the side which 
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subsequently bocouies paraij’scd. Usually a series of fits occurs 
during twenty- four hours and the patient remains comatose for a 
variable period, sometimes for several days after the convulsions 
stop. Headache, vomiting, delinum, and pjTexia frequently usher 
in tile fits. During the stage of coma the Itinbs on the affected side 
are found to be completely flaccid and the plantar reflex is extensor. 
When the jiaticnt recovers consciousness he is hemi}>legic, and when 
the right side of the body is paralysed, not uncommonly aphasie 
also, and sometimes mentally defective In less severe cases hemi- 
plegia may develop without convulsions anfl witlmiit loss of con- 
sciousness. The cercbro-spinal fluid may be norma] or may show 
an increase in the protein content, red blood cells, or a leiicocytosis, 
depending upon the nature of the cerebral lesion A facia] naevus 
may be present in a patient \nth a cerebral angioma. 

In favourable cases improvement occurs, and in a few weeks or 
months recovery may he complete When the hemiplegia does not 
recover, liaccidity gives plate to spasticity ui the course of a few 
weeks and the condition of the limbs on the paralysed side comes 
to resemble that found in congenital hemiplegia The upper limb 
ia severely affcctcil as weLJ ns the lower and usually becomes spastic 
in an attitude of fie.xion, less otten in extension The signs of hemi- 
plegia are deaenbed elsewhere, see p 6 Owing to the early age 
of onset the development of the paralysed limbs is retarded and they 
rciuatii smaller than those of the normal side. Contiactures readily 
develop in both upper and lower lunbs Wlicn the paralysis is in- 
complete involuntary movements of an atlietoid or choreic char- 
acter frequently develop on the affected side Epilepsy is much 
commoner in infantile hemiplegia than in cerebral diplegia and 
develops in over 50 per cent of cases TTie convulsions usually begin 
with tonic spasm or clonic movenienta of the paralysed side, but 
rapidly become gene^all^ed and are attended by loss of conscious- 
ness. 

Diagnosis. 

Congenital hemiplegia is readily recognized hemiplegia acquired 
in childhood must bo distinguished from paralytic chorea, which is 
preceded by involuntary movements, and acute iioliomyelitis which 
is rarely limited to one upper and lower limb and wliichis charac- 
terized by loss of tendon reflexes and muscular w asl'ing. When the 
child is seen during the acute stage of a cerebral disturbance the 
subsequent development of hemiplegia cannot always bo anticipated, 
but the occurrence of repeated coovulaions, especially if these are 
predominantly unilateral, should suggest this possibility. 

Hemiplegia of gradual onset is rate in childliood and is usually due 
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to intfacraniaj tumour or tuberculoma. Encepbalography or ven- 
tnculography may be helpful in difficult ca.«es. 

Prognosis. 

Little improvement is likely to occur in congenital hemiplegia, 
but in mild cases careful education may enable the child to make 
some use of the paralj sed limbs. It is exceptional for the lesion 
responsible for acquired infantile hemiplegia to prove fatal, but if 
the child show s no signs of returning consciousness forty-eight hours 
after the onset of the convulsions the outlook for recovery is bad. 
The more severe the sjmptoms of the acute stage, the more likely 
are mental defect, aphasia, and hemiplegia to be persistent. 
Nevertheless, there are exceptions to this rule, and for several weeks 
after the acute stage there is no sure method of deciding to what 
extent recoveij’ of function will occur. Some patients recover 
completely, but a considerable proportion remain mentally defective 
and hemiplegio and of these more than half become epileptic. The 
hope of considerable improvement should not be abandoned until at 
least a j'ear has elapsed after the onset of the illness. Even after this 
lapse of time some increase of power and co-ordination may occur 
in the paralysed limbs in response to treatment. 

Treatment. 

In the acute stage of tlio dlaess which leads to infantile hemiplegia 
lumbar puncture is the most valuable inetliud of treatment and 
should be performed two or three times a day as luug as the 
patient is comatose, sufficient cerebro-spinai fluid being uitJi. 
drawn on each occasion to restore to normal the pressure, which 
IS usually raised. The convuLions may ite controlletl by doses of ^ 
to 1 gram of phenoharbital sodium in 20 per cent, solution subcu- 
taneously and 1 or 2 ca. of a 25 per cent, solution of magnesium 
sulphate given per rectum may do good by reducing cerebral oedema. 
Glucose and normal saline should be given rectahy as long as the 
patient is unconscious. The after-Ircatment of hemiplegia, both of 
the congemtal and of the acquired forms, includes massage and 
passive movements to dimmish the risk of contractures, and the 
correction of the I.-ilter by tenotomy when they develop. When any 
voluntary power remains, re-edu<ational exercises should be insti- 
tuted Stoffei’fl operation, a partial section of the ne-rvos suppljdng 
the spastic muscles, has achicvnlgoodjeauJisiii the hands of exjjcn- 
cnced operators. Small doses of potoasiutn bromide should bo given 
daily over a period of several jeara in the hojw of preventing the 
development of epilepsy. Aphasia, when present, must be trcatetl 
by attempting to re-educate CheduH’spouers of speech. 
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3. NEKVOES JIANIFESTATIONS OF ICTEUUS GRAVIS 
NEONATORUM; ‘KERNIKTERUS’ 

Tho involvement of the bram in icterus gravis neonatorum is of 
interest in view of the association between lesions of the corpus 
stnatuin and damage to the liver occurring in hcpato-Ienticular 
degeneration and manganese poisoning Icterus gravis neonatorum 
18 a familial disorder, tlio cause of which is unknown, but which has 
been attributed to disease of tbo foetal liver or blood-forming organs, 
maternal toxaemia, and an unknown infection 

Tile patiiologioa! clianges consist of general biie-stainlng of the 
tissues. There is active blood formation in tho liver, spleen, which is 
enlarged, kidneys, and hyperplastic bone marrow. The liver may be 
otherw iso normal, or may sliow a centrodobar necrosis. In the brain 
the bile pigmentation is heaviest in tho Icnticuior and caudate nuciei, 
less marked in other nuclear masses and in the cortex. Tbo ganglion 
cells in these regions degenerate. It is uncertain whether the bile 
stauiing is secondary to tlie ganglion cell degeneration, or vice 
versa. 

The infant is usually normal at birth, but becomes jaundiced when 
two or three days old. Jaumlice rapidly deepens. Bile is present, 
however, in the stools as well as the urine. Tho bleeding time is pro- 
longed, and sjxmtaneous haemoirhages occur. The child becomes 
anaemic and primitive red cells are found in the blood. Convul- 
sions, rigidity, and coma mark tlie damage to the brain. 

The mortality rate is high, but about 25 per cent, survive, usually 
witli mental defect and extrapyTaiuidal symptoms, such as chronic 
chorea or athetosis. When the blood-forming organs alone are 
affected complete recovery may occur, but how far this is the case 
after the brain has been damaged is unknown. Tlio treatment is 
transfusion with whole blood and otherwise is symptomatic. 
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4 CEREBRO-iLACULAU DEGENERATION 

Si/noiii/ms: Tay-Saclis’ tltecase; amaurotic family uUocy. 

Definition: A disease of early life, frequently occurring in several 
members of the same family, characterized pHtliologically by vtide- 
spread lipoid degeneration of the ganglion cells of the brain und 
retina, and cliiueally by progrcosivu mental failure, blindness, and 
paralj-sis. 

Pathology. 

Several fonns of ccrcbro-macular degeneration bare been dc> 
senbed, differing mainly in the age of ons^t. Tlic infantile form, 
deaenbed as amaurotic family idiocy by U’uron Tay (15S1) aud 
Bernard Sachs (ISSTj.derelops during the drat }car of life. A late 
infantile fonn of BieUchousky (lUU) begins during tlie uccond or 
third jear, and a juvemie form of &‘plcbneirr.\’ogt (lyOO^ and a 
late juvenile form (Kufs, Id^djdevelopWtween the ages of 3 aud 10, 
and 15 and 23 reei>ectirely. 

Although there are oorresponding differences in the pathological 
pictiuv, it would seem that the underlying ^lathological process is 
the same 3facroscopica]|y the brain usually shows moderate general 
atrophy ^Ucroscoptcally the elianictenstic jKithoIugiial change is 
found in the ganglion cells. Acconitng toSchafrer the first allenition 
13 a swelling of the hyaloplasm, which subsequently undergoes a 
granular degeneration with the fonnation of Iqioids and lipoc^ome. 
The nucleus is often eccentric, and the dendrites are frequently 
swollen. The ganglion cells of tlie cortex and of the thalamus euffer 
severely The cerebellum is usually more aS'cctcd in the late infantile 
and juvenile forms than in the infantile form. The gangh'on cells 
of the spmal cord may show similar changes. The wliite matter 
shows tract degeneration. An overgrowth of neuroglia occurs second- 
arily to the ganglion cell degeneration. The retina shows changes 
simifar to those found eLewhere in the uenous system. The gang- 
hon cells show granular degeneration. In the forms of later onset 
there is degeneration of the ext^nal layers of the relin.a with pro- 
liferation of the neuroglia and of the pigment epitiielial cells. These 
changes are most evident in the r^oa of the macula. 
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Aetiology. 

TJ ]0 disease is frcQuently familial and occurs in several siblings 
Thougli it probably depends upon an inherited predisposition, there 
is no history of the disorder in previous generations It is probably 
inherited as a ilctidelian recessive 

The infantile form is confuicil to the Jewish race, but this is not 
true of the late infantile and juvenile forms. 

The cause of the jieeuliar degeneration of tlie ganglion ceils is 
unhnomi, though both Hurst ami Grinker have drawn attention to 
the resemblance of the pathological changes to those occurrmg in 
senile brains. Attempts have been made to relate amaurotic family 
idiocy to Niemanii-Pick’s disease, which is clmractenzed by wide- 
spread intracellular deiiosition of lijioids throughout the body, and, 
like the infantile form of amaurotic family idiocy, has a familial 
incidenco in Jewish children during the first year of hfe. Schaffer, 
however, points out that amaurotic family idiocy is essentially a 
degeneration of an ectodermal tissue, whereas in Nieroann-Pick's 
disease mesodermal ti'isucs take part in the reaction and the brain 
probably suffers secondarily to a general disturbance of lipoid meta- 
bolism Similar changes m the nervous system have been described 
in gnrgoylbm. (See p. 841 ) 

Symptoms. 

The age of onset of the various forms has already been stated. 
The sjmptoms are essentially the same in all forms, consisting of 
progressive mental deterioration, visual failure, and paralysis 

In the infantile form iiie child is normal at birth and symptom^ 
usually appear between the third and sixth months The child 
becomes listless ami apathetic and ceases to take notice of its sur- 
roundings. It fails to raise its head and to sit up. Convulsions may 
occur. The retina and optic disk aro atrophied, and there is a cherry- 
red spot visible at tiie macula, which at thi.s age is pathognomonic. 
This is due to severe atrophy of tlie macular region of the retina, 
w Inch rentiers the vascular choroid v tsible. Progressiv o flaccid para- 
lysis of all four limbs develops, and finally the child is completely 
blind and paralysed and fails to respond to external stimuli, except 
occasionally by a simple reflex muscular contraction. The retinal 
atrophy leads to impairment of the reaction of the pupils to light, 
and squint and nystagmus may be present 

In the late infantile and juvenile forms the red spot at the macula 
is absent and may be replaced by fine pigmentation (Batten-Mayou 
type of degeneration). Convulsions appear to bo commoner in cases 
of later onset, and flaccidity is replac^ by spasticity and coiitrac- 
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tures. Sjogren (1931) stresses the gradual development of Parkin- 
sonian symptoms in these cases. 

Diagnosis. 

No other condition exactly simulates the Infantile form of the 
disease and the ml spot at the macuht i>ett]ea the diagnosis. Similar 
nervous sj-niptoms have been described ui Niemann-Piek’s disease, 
but in this condition the liierand spleen are enlarged. The juvenile 
form may simulate encepbahtis periaxialis did'usa, which is also 
characterized hj’ progressive blindness, paralj'sts, and mental 
deterioration In this condition, however, the hlindncss is usually 
due to degeneration of the optic radiations, and optic atrophy is rare- 

Prognosis. 

The disease is inevitably progresMVc, anti llic’younger the p-ntient 
at the onset the more rapid the downward course. In the infantile 
form death occurs in from one (o two years, liie temiina] stages 
beuig characterized by wastmg and an.'iemia. In the juvemlo form 
the patient may lire for ten or fifteen jears. 

' Treatment. 

No treatment is known to iiifiuence the dj»easc. 


REFERENCES 

BiCLSCHOWSm*. M. (1928). .Xntsiuotudie Idjotie un<l IipoidzeUige SpIecD* 
hepatomegatie. J./.I’gyehol.u.Stunl. xxx\t. 103. 

GBEirMiELO, 3. G , and Houias. G. (193S). Tlie histology of juveado amau- 
rotic idiocy. Frain, bIvui. 183. 

G. B. (1924). A study of U>e histopatJiolo^- of amaurotic fiuiuly 
idiocy Arth. Xturol, dr PtychutL xu. G40. 

(192S) A case of amaurotic family idioc). AnM. A'oirot. d* Prythiat. 

IT! TOS 

(1930) Xiemann-Fick's disease, .-trcil. Xevroi. dr Pf^eAiat. xxi\. 61. 

HrBST. E W. (102o) A study of the Lpoida in tiouronic dcgoucration and in 
amaurotic family idiocy. Bram, xi%iu. I. 

LeazB, J H., and Gooduabt, S. P. (I92~). Tlie infantile type of famdy 
amaorolic nhocy. ArcJi. Xturol. dr Pa^vtl, xviL GIG. 

Mxjusesco. G. (1930-1). Xouvelles contnliuliona h i'^tude de U forme 
tardi\e Oe I'idiotie amaurotique (type BieliChovrsky) et k son m^amsine 
biochuniqoe. J./. Pryckol.u. A'curoi. xli. t. ' 

Sachs. B. (1929). Amaurotic family idiocy and general Upoid degeneration. 
JrcA. Xturtd, dr PryeAio/. xii. 347. 

ScHATiEJt, C (1923). GcneraisigniiicanceorTay-Sachs disease. Arth. A'curof. 
«fc Ptyehiat. xiv. 731. 

Sjogko.T (1931). Bie juccnife amaurorxcAe /diofie. Tfcrrdifor, xiv. 197. 



5. EPILOU 

Synonyms •. Tuberous sclerosis; BournevUIe’s disease; Brushfield 
and Wyatt’s disease. 

Defintlion: A rare congenital disorder characterized pathologically 
by sclerotic masses in tJie cerebral cortex, adenoma sebaceum, and 
tumours in various organs, and clinically by mental deficiency and 
epilepsy. The term epiloia was coined by Sherlock (1911). 

Pathology. 

Macroscopically the brain may exhibit microgyria and macrogyria , 
and absence of the corpus callosum h.aa been described The charac- 
teristic sclerotic patches to which the disease owes its name were 
first described by BourneviJleantl Brissaud in 18S0. They are found 
in the cortex of the cerebntl hemispheres and are rare in the cere- 
bellum. They are hard to the touch and white in appearance, 
ranging in size from i to 2 cm. in diameter. Slicroscopically tJiey 
are composed of glial fibres and contain in addition largo cells, some 
of which are behoved to be abnormal ganglion cells, irbile others are 
thought to he derived from spongioblasts. Tumour-like masses are 
also found in the cerebral ventricles and these apjiear to be derived 
from tho ependyma. Occasionally a large tumour, glioblastoma, 
spongioblastoma, or astrocytoma, has been observed. Cu'culor 
laminated bodies reseiubiing corpora am>Iacea have been found 
scattered throughout the cerebral corte.T, cerebellum, choroid plexus, 
and the tumours themselves, and cystic degeneration is found m the 
cerebral hemispheres and cerebellum, leading to small cavities which 
may be traversed by fine fibrils Tho ganglion cells of tho cerebral 
cortex are reduced in number and aro often atypical. The retinal 
tumours, phakonias, are composed of neuroglia. Adenoma sebaceum 
described by Balzar in 1885 and Pringle in 1890 consists of a hyper- 
plasia of sebaceous glands embedded in a vascular nmtrix. Tumours 
in other situations include rbabdoniyunia of tho heart, teratoma, 
and adenosarcoma of tho kidney, and tumours have also been de- 
scribed in tiic tliyroid, thymus, breast, and duodenum. Other 
associated ahnormahties which are eometimes present include 
hydromyclia and spina bifida and congenital malformations of the 
heart. 

Aetiology. 

Beyond the fact that tuberous sclerosis is due to a congenital 
dysplasia probably occurring at an early stage in e/nbrjonic life, 
little is known about its aetiology'. It is occasionally familial, t\\ o or 
more siblings being affected. The first-bom appear more liable to 




Fso. oO. FptkiiA: prouounccil aUrnonia eebocciuit. 
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babJ^’ due toasingledoutuiant geneirliieii is subject to modiRc^Uon 
by autosomal genetic factors. It appears to be closely related to Ibe 
syndzomo of nenrofibroblasiomsttxds. 

Symptoms. 

Typical sufferers from tuberous sclerosis ato mentally defective, 
being imbeciles of a low grado, and ore epileptic. The convulsions 
usually begin during the firat year of life. Both jietit inal and major 
'•v 
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attacks occur and Jacksonian convulsions bavo been described. 
Status cpilepticus may su])ervene In spite of the diffuse distribu- 
tion of the cerebral lesions spastic p^vralysis and contractures are 
rare. A single large tumour will cause general and focal symptoms 
of an uitracranial neoplasm The mental deterioration is progressive 
and consists of iiitclloctual ilefect assoeuted nith a primitive type 
of psychosis. 

Adenoma .sebaceum, wliicb is not imanabiy present, manifests 
itself at about the fourth or fifth \ear of life as a pale pink, slightly 
raised rash, consiating of discrete sjiots which fade on pressure and 
appear first in the nasolabial folds, spreading over the face m a 
‘butterlly’ |wttcrn, sparing tbe upiierlip (Fig 5C) A feiv scattered 
nodules may also appear on the forehead and neck, but rarely below 
tbe clavicles. After tbe second dentition tbo adenomas tend to 
coalesce and darken in colour to a deep red or brown hue Excep- 
tionally tbe cutaneous lesion does not make its apjiearance until 
puberty or early adult life 'rumours in other situations occasionally 
grow large enough to cause symptoms The retinal phakoinas. 
described by van dcr Hoe\e in 1023, ate Hat, white, round or oval 
areas about half the size of the optic disk Abortive forms of the 
disease occur Adenoma sebaceum or epilepsy, or both, may occur 
without mental defect. 

Diagnosis. 

TuWrous sclerosis can be distinguished from otlicr causes of 
mental deficiency associated with epilepsy only by the presence of 
adenoma sebaceum or of tumours elsewhere 

Prognosis. 

Most patients die between the ages of 5 and 15 jean, though 
exceptionally an individual may survive to between 30 and 40. 
Death, if not duo to mtercurrent disease, usually occurs from status 
epilepticus and has sometimes been doe to a renal tumour 

Treatment. 

The mental deficiency usually necessitates institutional treatment, 
and the treatment apjiropnat© for epilepsy should be carried out. 
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C. NEUIIOFIBROMATOSIS 

Synoni/ins: Neurofibroblasfooiatosfa, tou Recklingbausen's 
djsease. 

Definition-. A disease of cmigemUl origin, characterized by 
cutaneous pigmentation and tJio fonnation of tumours in various 
tissues The commonest of llicse arc cutaneous hbroiuas, moUusca 
fibrosa, and pen 0 eurialfibroblastomas(neurofibromas), butiiietungcal 
fibroblastomas (meningiomas) and gliomas may albO occur. Combina- 
tions of these abnormabties bate been designated as separate 
syndromes Thus Worsler-Drouglit, Carnegie Dickson, and McMe* 
nemy (1937) recognize the following: 

1 Central type (1) meningeal and j;ierijjeurial — syndrome of 
^Visba^t (1823) which is rare. (3) 2ilenuigeal only — syndrome of 
Schultze (1880) which is the rarest. (3) Perineurlal only— Siiidromo 
of Knoblauch (1843) winch U (bo commonest. 

2. Penpheral typo. The peripheral neuroribromatosis of von 
KeckHnghausen (1883) first described by Tilcsms in 1703. The 
central and penpheral types may also occur in combination. The 
disorder appears to becloselyrelated toepOoia. 

Pathology. 

The neurofibromas are tumours usually situated upon peripheral 
nerves and compoaed of bundles of long spindle cells. It has been 
stated that these tumours are tienvetl from the cells of the sheath 
of Scliw ann, but it is more probable that they are formed from the 
perineuria] fibroblasts. Tbej' may also 1^ found upon the cranial 
nerves, most frequently upon the auditory nerve, but also ujton 
others, esiiecially the optic and trigeminal, and they may, occur 
upon spinal nerve-roots, usually~the poslenor, or u[)on the cauda 
equina. The cutaneous fibromas, or luollusca fibrosa, are formed 
from the connective tissue elements of the cutaneous nen'es. 
The bone changes associated with neurofibromatosis may' consist 
cither of hyperostosu or of rarefaction, with or irithout cyst forma- 
tion. They have been variously explained and-ha>e even been re- 
garded as a manlfestalioD of osteomalacia. It is probable, however, 
that, as Parkes Weber suggests, they are a localized reaction of the 
bone to the groirth of neurofibromas in the periosteum. 

Neurofibromas may become sarcomatous. Abnonnahties may 
be present in parts of the nervous system other than the peripheral 
nerves. Patches of gliosis and ependymal overgrowth may occur in 
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tlio brain and spinal cord, syringomyelia, and even rarely true tumours 
— ^glioma and ependynionja. Glioma of tJie optic chiasma may be 
associated with neurofibromatosis, and meningeal fibroblastomas 
are not uncommon. Kcurofibromatosis is occasionally associated 
with other congenital abnormalities, sueli as spina bifida, cerebral 
meningocele, biiphthalmos, ajiidactyly, and hacmaiigiectatic naovi 

Aetiology. 

The disease appears to be due to a congenital abnormality of the 
ectoderm. It is liereditary, behaving in inlieritanco as a Jlendelian 
ilouiinant Some members of affected families may show only 
cutaneous pigmentation, while others exliibit a more extensive 
clinical picture. Bilateral acoustio neurofibromas sometimes occur 
in many members of a sibship in successive generations 

Symptoms. 

Some of tlio sjiuptoma of iieurofibroniatosis are always present at 
birtli, for example, cutaneous pigiucntation. Others may be absent 
or may appear later, as a result of slow' grow tli of the neurofibromas 
or of the reaction of other tissues to these tumours. In some cases, 
iioucver, the disorder is little, if at all progressive, and may be 
discovered accidentally. £.xcept in those cases in which' gross 
congenital abnormalities arc present, the patient docs not usually 
come under observation on account of symptoms until after the ago 
of 20. 

Cutaneous Pigmenkilion 

This 18 almost invariably present It consists of browiusli spots, 
cafd-au-lail in colour, varymg in size from a pin’s head to areas tlie 
size of the palm. Occasionally a sheet of diffuse pigmentation may 
be present on one or both sides of the trunk, corresponding to the 
cutaneous distribution of bevcral spinal segments. Cutaneous pig- 
mentation is alwaj's most evident on the trunk and may bo absent 
from the exposed parts (See Figa. 57 and 58.) 

Cutaneous Fibromas 

Cutaneous fibromas or mollusca fibrosa are soft, pmkisb sw ellmgs, 
wiiich may be sessile or pedunculated and vary in size from a pin’s 
head to an orange. They are frequently present in largo numbers 
and are situated chiefly upon the trunk, but some are usually to be 
found on the face. 

^^eurojibromas. 

Neurofibromas are most readily discovered upon the superficial 
cutaneous nerves, especially those of the extremities and of the sides 
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of the neck. The tixmoursaro to be felt as movable, bcad-Iike nodules. 
They may give rise to pain and are occasionally tender on pressure. 

Plexifonn Xeurofiia. 

‘Plexiforui neuroma’ is the term applied to a diffuse neurofibroma- 
tosis of nerve-trunks, v\hich Is often as-sociated irith an overgronth 
of the skin and subcutaneous tissues. In this ivay largo folds of 
skin may bo formed or there may be a diffuse enlargement of the 
subcutaneous tisoucs of a limb, uitb or without underlying bony 
abnormality The commone&t sites are the temple, the upper hd, 
and the back of the neck. The cutaneous hyperplasia has received 
the names of dcrmatoijsis, pachydermatocele, and elephantiasis 
neuromatosa. It is probable that the famous ‘Elephant Man’ de- 
scribed by Trci cs u as an example of ibis disorder. A similar hyper- 
plasia may occur in one half of the tongue and m the gums on one 
side. 

Acoustic neurofibroma is described on p. 281. ^ 

Osscoue Manifeelalione. 

Kj^ihoscohosis is frequently present io aeuroRbromatosia and 
may be so severe os to cause compression of Iho spinal cord. This 
occuiretl m the patient shown in Figs. 87 and 83. Tliere may bo 
marked hyperostosis of (lie bones of the face, with enlargement 
and rarefaction of the calvanum. These changes may be mainly 
unilateral. The long bones of the limbs may .undergo .subperiosteal 
b.'i'perostosis, and the shaft may l>e cuned. 

Reihuil -l/omycstatiows. 

Phakonias, uliich are flat, white or grey, oval or circular masacs, 
about half the size of the optic disk, may occur in the retina (van der 
Hoc>e). * 

f'itccral Xcurojibronias. 

Neurofibromas liaie been dcscribwl on the mucous membranes 
and in various viscera, including the suprnrcnals. The v-igus and 
8^111 pathetic nerves may al-o bcaScctcd. 

Complicaliotig. 

Compression of the sjimal cord may occur as a result of severe 
kyphoscoliosis or of a neurofibroma, or the scohasis may Ic.ad to root 
pains Neurofibromas within the skull may gii o rise to symptoms 
of increased intracranial pressure and of focal conijirittoion of the 
brain. Int raemnia] glioma or mrninjpoiiin may give ri-so to symptoms. 
A sarcomatous cliangc in a neurofibroTua mamfe<:|a itself iw a rapid 
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increaio in tho size of the tumour, witli foiiiprcssion otjcl invasion 
of tho neighbouring jsttmiureii. Eiale/wy.atromigaJvvmlljioio-guiibil 
Ujulropliy, infantilism of tho Lomiti tjiic, and Addiwii's dit-eaMi 
ha>e all been enrountcrwl as coniplications. Optic atrophy may 
occur. 

Diagnosis. 

Tho association of uitancoiu pigmentation with neurofibromas 
and frequently with other ossociatetl uhjiurin.ih(ics constitutes 
a unique cUiikai picture. DiflicuUies in diagnosis are likely to uri?e 
only when some of these clinical features ore absent or inconsiiicuous. 
Thus a patient may come under oLrtcn'atiojj presenting symptoms 
of an intracranial tumour, spinal compression, scultUiJs with root 
jkima, hyiierostosis, or localized elephantiasis. A careful examination 
of tho skin of the wliolo body' for pigmcnlutiun, cutaneous and 
neural fibromas, w-jll usually enable a correct tiiagnosis to bo made. 

Prognosis. 

The disorder is nut always progreMieo, but the prcsruco of any 
symptoms in a chilil or adolescent should lead to a gmirded prognosis, 
as tho disorder may later rcac-h its fully dcvelopcil form, l^regnancy 
especially may Icail to an exacerbation. Frequently the ilihuasi' does 
not shorten life nor lead to marked discomfort. In sctcro i.iK’S 
death may occur from ono of tho coinplii-ations described above, 
from tuberciilods, or after a terminal pho^ of catliexU 

Treatment. 

Treatment is merely palliative. Painful Bubcutaneous nouroti* 
bfomas may bo treated by X-ray irradiation or by extidon. 
Suitable operative treatment may be reqmred for u-SKteiatcd intra- 
enniial or intraspinal tumours, or when a jierijihend neurofibroma 
becomes sarcomatous. 
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the gha and ependyma ilraix, be. 85 

7. THE HEREDITARY ATAXIAS 

Dejinilion: Tlie term ‘hereditary ataxia’, though by no means 
completely deacripti\ o, is a convenient one to apply to a group of 
closely related disorders, usually Iiereditary or familial, and charac- 
terized pathologically by degeneration of some or all of the follotving 
parts of t})o nervous system — the optic nertes, th® ccrchelJuni, tlie 
olives, and the long ascending and descending tracts of the spinal 
cord. These localized degenerations occur m various combinations, 
inth corrcsiwnding sjiDptoms. Tlie ago of onset ranges from 
childhood to middle life, and the course of the disease is slouly 
progressive A number of varieties have been described differing in 
tho distribution of the sjuiptoms Friedreich’s ataxia is relatively 
common. Some forms of hereditary ataxia are conlined to a single 
family. Each rarietj- tends to breed true, but does not always do so, 
and more than one form may occur m tho same family. Tlie existence 
of transitional forms lends support to the xiew that all varieties are 
duo to the same underlying abnormality, uhicli varies in its incidence 
upon different parts of the nervous system. It is imjio&sible to 
describe m detail all the forms of hereditary ataxia which have been 
reported. The following aro the most important: 

(1) Hereditary spastic paraplegia. 

(2) Friedreich’s ataxia. 

(3) The variety described by Sangcr*Broivn 

(4) A form resembling disseminated sclerosis, of wlijch Ferguson 

and Critchley Lave given a description. 

(5) Marie’s cerebellar ataxia. 

(6) Various forms of progressive cerebellar degeneration. 
Pathology. 

The pathology of the different varieties of hereditary ataxia will be 
described in more detail in the appropriate sections. Thej' present 
the following features in common. 

There is a degeneration of the ectodermal elements of the nervous 
system Tho nerve-fibres are usually affected more severely than 
the ganglion cells, but in the later stages these also suffer, though it 
is difficult to say w hether their d^ciieration is primary or secondary 
to tlie degeneration of their axones. Tlio cerebellum and spinal cord 
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are usually smaller than normal and occasionally show evidence of 
congenital abnormalities. The brunt of the degenerative process 
usually falls either on the sjunal cord or on the cerebellum. Excep- 
tionally both are involved. In the spinal forms some degenerative 
changes are usually to be found ui all the long ascending and 
descendmg tracts, though a predominant incidence upon certain 
tracts determines the nature of the clinical picture. Thus the pjTa- 
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FlO. O'a. Fncilrcitb's atiixta. Spiiis) conJ. 

midal tracts are moTit affected in hereditary s^Kistic paraplegia; the 
p>ramt<lal tracts, the posterior columns, the dorsal spino-ccrebcllar 
tracts, and the ganglion ceils of Clarke’s column in Friedreich’s 
ataxia (Fig o'J) ; n lule the chunges are most marked in the anterior 
columns in the cerebellar ataxias. Degeneration is manifest in loss 
of myelin and destruction of oxones, with a rcactionarj* gliosis. 

Aetiologj’. 

An mherited ahnormabty L* the primary canto of the hcreditarj* 
ataxias, but as in the case of other inhent^ disonlers sporadic cases 
are not much lc«s common than familial ones. Males and females are 
affected with appro-ximately equal frequency, and the disea.se may 
be tranamitte<l either by affect^ or by normal individuals, ^\^lcn it 
develops early in life it usually acta as a harrier to marriage in those 
individuals who survive to a marriageable age, and in such faniUicg 
transmission necessarily occurs more frequently through normal than 
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through affected individuals. The mode of inhcntanco of hereditary 
atavia cannot satisfactorily bo explained on tho assumption that tho 
disease behaves as a single Mendclian cliaractcr, ^\llether dominant 
or recessive. The best interpretation of tlio available facts regarding 
its transmission is tiiat it depends u(ion tiie presence of tivo lilende- 
lian characters, one of uhich is a dominant and tho other a recessive. 
Nothing is knomi as to the cause of tho germinal mutation by wliich 
it originates, but it has Jong been held tliafc parental aJeoboJism may 
cause tho disease by damaging the gemiinal material. Acuto infec- 
tions have sometimes hecn regarded as preeijutating factors. These 
are so common that little importance can be attached to them, 
though it is possible that tlicy may accelerate degeneration in the 
nervous system in an in<Iividual already predisposed to it by 
heredity. 

CLINICAL VAUICTIES 
Hebeuitary Spastic PABArtEou 

This disorder usually affects several siblings, with or without a 
liUtory of cases in previous generations Sporadic cases occur Males 
suffer more frequently tJian females. Tho onset of symptoms is 
usually in childhood, bctirecn (he ages of 3 and }5 years, rarely m 
middle ago. 

Pathology. 

The maximal degeneration is found in tho p^Tamidal tracts of tho 
spinal cord, especially from tho upjier dorsal region dovvnwards. 
This is associated with sbghtcr degenerative changes in tho posterior 
columns, especially tho column of Goll, and in tho large pjTamidal 
cells of tho precentral convolution. 

Symptoms. 

Symptoms are those of a progressive destruction of the pjTamidal 
tracts beginning in the lower limbs. Attention is first attracted to 
the child on account of its stiff and clumsy gait. The lower hmbs are 
found to be weak and spastic, with exaggerated tendon reflexes and 
extensor plantar responses. Tho abdominal reflexes are diminished 
or lost and pea cavus is usually present. Later the upper limbs are 
similarly affected, and finally the muscles innervated from the brain- 
stem, with tho production of spastic dysarthria and dysphagia and 
loss of emotional control ITie sphincters are usually slightly affected 
in the later stages. In spite of degeneration in the posterior columns, 
no loss of superficial or deep sen^bihty can usually bo detected. 
Primary optic atrophy and retinal pigmentation have been de- 
scribed. Mentality is usually normal. 
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Prognosis. 

Tlio disease runs a slowly progressive course, weakness and con- 
tracture finally confining the patient to bed. Death occurs after 
many } ears, usually from an mtercurrent infection. 

FniEDBEicn’s Ataxia 

The mode ofinLcntaneeof this disorder has already been discussed. 
It IS usually familial and hereditary, but sporadic cases occur. The 
age of onset, interpreted as the .age at which symptoms first bring 
the patient under observation, is usually between 3 and 15 years, 
though abnormahties su^i as pea cavois may be disco^e^ed in 
apparently normal members of affected families in early childhood. 
Exceptionally, sjTuptoms first appear betw een the ages of 20 .and 30, 
rarely after 30. 

Pathology. 

The spinal cor<l is unusually small, but the cerebelluiu is usually 
normal Histologically (Fig. 59) the degeneration is juost marked 
m the posterior coluiuns, esjiecially in Coil's tract. It is most intense 
in the lower parts of the cord and diminishes towards the mediiUa. 
Next to the posterior columns, the hatcral columns suffer most, 
especially the pyramidal tracts and the dorsal spino-cercbcllar 
tracts, together with the cells of Clarke’s column, ixotn which the 
latter are derived. The vcntraUpmo-cerebcllar tracts usimlly escape. 
There is a reactionary gliosis in the degenerated regions. The dorsal 
root-fibres also exhibit degeneration, thougli their ganglion cells 
may be little affected. Exceptionally there is some degeneration 
of the anterior honi cells. 

Tlie heart may show a diffuse change, enlargement bcuig caused 
by thickening of the muscle and a diffuse fibrosis. Microscopically 
there is fatty degeneration of the muscle fibres with slight clironic 
infiammatory infiltration and fibrosis (D. S. Russell). 

Symptoms. 

As might be deduced from the pathological changes, the cardinal 
symptoms of Friedreich’s ataxia arc: ataxia, most marked in the 
lower limbs, with signs of destruction of the pyramidal tracts, loss 
of deep reflexes, and, to a variable extent, imjuirment of sensibility, 
especially deep sensibility. In addition, pes caviis ami scoliosis are 
present, and njstagmus and diaarthria indicate a disturbance of 
cerebellar function at the level of the cranial nerves. 

Symptoms appear first in the lower limbs, and it is the ataxic 
gait which usually first attracts attention. The patient walks on 
a broad base and tends to reel or stagger. In severe cases ho is 



THE HEREDITARY ATAXIAS 571 

unable to walk \Tithout support on both ades. Standing is similarly 
affected, and he suays and may be unable to stand without support. 
The unsteadiness of stance is not usually intensified by closing the 
oyes. Ataxia of the lower limbs is usually less evident in movement 
of the limbs individually when the patient is lying in bed. In the 
later stages movements of the upper limbs also become ataxic and 
intention-tremor is present. Slight involuntary movements, which 
have sometimes been described as choreiform or myoclonic, are often 
present in the later stages. These are probably the result of defective 
co-ordination. Irregular oscQIations of the head are common. 
Nystagmus is present in 70 per cent, of coses, and it is usually most 
marked on lateral ocular deviation. Speech is invanably djsarthric 
in the later stages, the dysarthria being of the variety associated 
with cerebellar disease Speecli is usually slow, monotonous, and 
slurred, and may be explosive or scanning It is frequently accom- 
panied by vigorous grimaces and associated movements of the facial 
musculature. PjTamidal degeneration loads to uealuiess, most 
marked in the lower limbs, with loss of the abdominal reflexes 
and extensor plantar responses. The tendon reflexes tend to be 
lost owing to uiterruption of the reflex arcs on the afferent side. 
The ankle-jerks are lost before the knee-jerks, and the latter may be 
exaggerated, owing to the pyramidal lesion, when the former are 
diminished. The limbs may be cither h^'potonio or slightly spastic, 
depending upon the relative severity of loss of afferent impulses 
from the muscles, which tends to diminish muscle-tone, and of the 
pjTamidal lesion, wluch tends to increase it. Sensory changes are 
inconstant and may be absent Shooting pains occasionally occur ui 
the limbs. Postural sense and appreciation of passive movement are 
not infrequently impaired, especially In the lower limbs. In some 
cases all forms of sensibility are affected. The sphincters are usually 
unaffected, though incontineiico of urine, and more rarely of faeces, 
may occur in the late stages Pcs cavus and scoliosis are present in 
almost all cases, the former being usually associated with a slight 
contractureof the muscles of the calf. Pcs cavus is usually attributed 
to occurrence of pjTamidal degeneration at an early age, and the 
scoliosis is probably due to iutcrruption of afferent impulses regu- 
latmg posture from the spinal muscles. Some authorities, however, 
hold that pes cavus is a congenital bony abnormality which is in- 
dependent of the disease of the nc^ous system. 

Optic atrophy occasionally occurs, and retinal pigmentation has 
been described. Other rare ocular symptoms include ptosis, abnor- 
malities of the pupillary reflexes, and ophthalmoplegia Deafness 
sometimes occurs. Afuscular atrophy is a rare complication and is 
most frequently seen in the hands, leading to claw-hand. 
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Associated congenital abnormalities include spina bifida occulta 
and iniantilism. 

The mental condition of sufferers from Friedreich’s ataxia is 
frequently normal, but a mild dementia is not uncommon in the 
later stages, leading to impaired intelligente and irritability. The 
cerebro-spinal fluid is nonnaL 
Prognosis. 

Friedreich’s disease is in most cases slowly but steadily progressive. 
Occasionally, however, it appears to become arrested, and abor- 
tive cases arc encountered, for example as accidental discoveries 
in apparently healthy znembera o( aflected families, in whom the 
disorder does not progress. Fewj>aticDts,however,live for more than 
twenty }ears after the onset of symptoms, and death usually occurs 
from an mtercurrent infection or from heart failure. 

Sakoeb- Brown’s Atcxu 

Sanger-Brown in iS02 described a I'jncty of hereditary ataxia 
affecting twenty -four individuals in file successive generations of the 
same family Pathological oxanilnation showed degeneration of the 
cells of Clarke’s column, of the |>osterior columns, and of tbo dorsal 
spino-cerebellar tracts. Tlicre was little or no p^-nniidal degenera- 
tion, and changes in the cerebellum wore slight or absent. 

The age of onset lay between 10 and 33 years, the first symptom* 
bemg ataxia of the lower limbs. Tlie condition differed from Fried- 
reich’s ataxia m the presence of optic atrophy, ptosis, diplopia, and, 
occasionally, of complete internal and external ophthalmoplegia, and 
of exaggerated tendon reflexes and ankle clonus, whereas nj'staginus 
and pes cavus were absent. 

A very similar disorder was reported by Neff in four generations 
of a single family, thirteen individuals being affected. This disorder 
differed from the ataxia of Sanger- Brown in that the onset of sj-mp- 
toms was delayed until between the ages of 50 and 65, and in some 
cases even later. Four affected members of Neff’s family developed 
dementia 

Hebeditarv Ataxia Resesibuno DissEiusATED Sclerosis 

Ferguson and Cntchley have described the clinical features of 
a form of hereditary ataxia resembling disseminated sclerosis and 
not infrequently mistaken for it. Sixteen cases occurred in three 
successive generations. The usual age of onset was between 30 nnd 
45, and both sexes were affected. As in disseminated sclerosis mild 
mental changes consisting of euphoria and emotional instabilitywere 
common. Slight optic atrophy was observed in some cases, and 
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external oplitbaluioplegia, especially neakness of upward deviation 
of the ej'cs, was frequently present. Nystagmus was also observed. 
Jlost patients exliibited signs of bilateral pyramidal degeneration, 
especially extensor plantar responses, but m several the tendon 
reflexes were dimiziished or lost. Cerebellar inco-ordhiation in the 
limbs %vith djsarthna and an ataxio gait were present, together with 
tremor and not uncommonly a Parkinsonian facies. Extensive areas 
of relative analgesia and anaesthesia were iisually found, but deep 
sensibility iias less affected. Some disturbance of sphincter control 
was common. Pes cavus and scohosis were observed in only two 
cases. Tho course of the disorder was progressive w ithout remissions. 
In some cases death occurrwl within ten years of the onset of symp- 
toms. Other members of the family were still alive after a longer 
period. 

Heredit.ahv Cebebellaji Ataxu of XIarie 

Marie, in 1803, under the title of ‘hereditary cerebellar ataxia’, 
described a group of patients suffering from signs of cerebellar 
deficiency and pyramidal degeneration witli, in some cases, optic 
atrophy The onset of symptoms occurred during adolescence, and 
multiple cases were observed in the same family. Pathological 
examination of cases exhibiting the clinical features described by 
XIarie has usually shoini a slight degree of atrophy of the cere- 
bellum, while in tho spinal cord degeneration was most marked in 
the ascending cerebellar tracts and the antcro-lateral columns, the 
pjTamidal tracts and posterior columns being littlo affected. It is 
doubtful, however, whether this form of cerebellar ataxia can be 
considered cither a clinical or a pathological entity. It is probably 
a mixed group containing some cases of Fnedreich’s ataxia together 
with cases allied to the Sanger- B tomti variety. 

pROQRESSlVE CeBEBELL.\B DeOGITEBATIOK 

Although not all forms of progressive cerebellar degeneration have 
been shown to be familial or hereditary, they exhibit a sufficient 
clinical and pathological similarity to justify their consideration 
together. The following are the more important varieties that have 
been described; 

Primary parenchymatous degeneration of the cerebellum (Holmes). 

Olivo-ponto-cerebellar atrophy (Dejerin© and Thomas). 

Ohvo-rubro-cercbellar atrophy (Lhemiitta and Lejonne). 

Delayed cortical cerebellar atrophy (Rossi, Marie, Foix, and 
Alajouanine). 

As their names imply, these forms of cerebellar degeneration differ 
m the precise localization of the degenerative process and its incidence 
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upon the brain-stem. They arc probably, however, mutually related 
ui the same way as Friedreich’s ataxia, Sanger- Bro'vn’s ataxia, and 
hereditarj* spastic paraplegia. 

Primary Parenchymatoua Dtgentxalion of the Cerebellum. 

Under this title Holmes has described four cases occurring in 
a smgle family. One case was imestigated pathologically. The 
cerebrilura, pons, and medulla were abnormally small, especially tlie 
cerebellum, which on microscopical examination showed atropliy of 
all three cortical laj ers. This was associated with atrophy and gliosis 
of the olives and of the olivo-ccrcbellar fibres in the medulla and 
restiform body. The midbrain, {WDS, and spinal coni were normal. 
The symptoms, the onset of which occurr^ i« early middle life, 
between the ages of 33 and -10, were those of progressive cerebellar 
deficiency Speech became explosive, and nystagmus and ataxia of 
the upper and lower Umba were present. Vision and the opUc nerves 
were normal, the tendon reflexes were brisk and there was no 
sensot^' disturbance. 

OhiO^pofiio-cerebeUar Atrophy. 

This form of cerebellar atrophy was described by Dejerine end 
Thomas in 1900. It is only exceptionally familial, in most cases being 
sporadic 

The pathological changes consist of atrophy of the ganglion cells 
of the olives, and of the grey matter of the pons, inth degeneration 
of the middle cerebellar peduncles and to a less extent of the resti- 
form bodies The cerebellum suffers mainly as a result of atrophy 
of its afierent fibres by these routes. The PurLinje and other ganglion - 
cells of the cerebellar cortex are aficcted secondarily. It is the nco- 
olive and the neo-cerebellum which undergo degeneration. The 
central nuclei of the cerebellum are relatively unoifected, but in cJiiv- 
r«tro.«Tt6c/iar atrophy these d^encrate, together with the superior 
peduncles, and degeneration can bo traced as far os tlie red nuclei. 

The onset of 83'mptoms occurs in late middle life up to the ago of 
60 Tlio 83'mptoms are those of a slowly progressive cereUlIar 
deficiency, namely, d3sarlhria, ataxia and tremor of the limbs, 
ataxic gait, and muscular hypotonia. Xystagmim is usually absent. 
Voluntar3' power is well prescr>'cd and the reflexes ore usually 
normal, except that the ankle-jerks maj' bo lost. 3fent.al deteriora- 
tion may occur in tho later stages. 

Delayed Cortical Cerebellar .-IfropAy. 

This disonJer occurs sponulkaUr, but Ch'tch?e3* has raisicd the 
question of its possible relationship to faniUial tremor, tbero being 
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some cvidenco tiiat the tw*o disorders may occur in the same 
family. JIales are affected more often than females. 

The degenerative process involves the ganglion cells of the cere- 
bellar cortex especially those of the antero-supenor aspect of the 
vermis and the anterior part of the quadrilateral lobe of the cere- 
bellum, and a portion of the olives may also be affected (Critchley). 

The onset ofs^iuptoms occurs in late middle life, usuallyabout the 
ago of 60. The first symptom is usually a slowly progressive ataxia of 
the gait, uhieh may precede other symptoms by months or oven by 
y ears and is in conspicuous contrast with tlio absence of inco-ordiua- 
tion of mo\ ements of the lower limbs when the ])aticnt is lyuig down. 
Later, signs of cerebellar <leficiency, including inco-ordination and 
intention-tremor, arc present in the upper limbs, and speech becomes 
slow and slurred and sometimes scanning. Nystagmus is usually 
absent. The limbs may be sontew bat hjqiotonic, but not uncommonly 
muaclo-tono is normal. The reflexes are frequently normal, but tho 
anklo-jcrks may be lost, and bilateral extensor planter responses are 
not uncommon. The disease is steadily progressive 

Diagnosis. 

The diagaosU of the hereditary ataxias rests upon the onset, in 
most cases before tho age of 20, of progressive symptoms, of which 
ataxia is usually the most conspicuous, and winch frequently include 
sjnnptoitis of bilateral pyramidal degeneration, sensory loss, pcs 
cavus and scoliosis, and sometimes optic atrophy. IVhcn the disorder 
13 familial or hereditary and the history of its incidence can bo 
obtained it is usually easy to make a correct diagnosis. Sporadic 
cases, however, may give rise to diHiculty. Hereditary spastic para- 
plegia must be distinguished from congenital diplegia by the facts 
that the patient is normal at birth and that the disorder is progres- 
sive, whereas m diplegia tho symptoms are congenital and tend to 
improve and are not uncommonly associated with mental deficiency 
and with epilepsy. Friedreich’s ataxia must bo distinguished from 
disseminated sclerosis and from tabes It frequently begins before 
the age of 16, hen the onset of disseminated sclerosis is rare Both 
disorders aro characterized by nystagmus, ataxia, and extensor 
plantar responses, but scoliosis, pes cavus, and loss of tlio knee- and 
ankle-jerks are peculiar to Friedreich’s disease. The distinction of 
Friedreich's disease from tabes is based upon the absence in. the 
latter of pes cavus, scoliosis, dysarthria, and extensor plantar 
responses, and tho presence of Argyll Robertson pupils and, in most 
cases, of a positive Wassermann reaction in the blood and cerebro- 
spinal fluid. Tho diagnosis of a sporadic of tho ataxia described 
by Ferguson and Critchley from disseminated sclerosis may bo 
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extremely difficult, if not inipo^ble. The most heJpfuI points of 
distinction are the occurrence in the ataxia of external ophthalmo- 
plegia, especially weakness of upinitd deriation of the eyes and the 
absence of the remissions so characteristic of disseminated sclerosis. 

The progressive cerebellar degenerations of late middle life are 
to be djstinguisbed from vascular lesions of the cerebellum, by their 
slow onset and progressive course; from tumours, by the absence of 
increased mtracrauial pressure; from tabes, by the usual preservation 
of the tendon redexes, by the absence of sensory loss and of pupillary 
abnormalities ; and from subacute combined degeneration,, by the 
absence of paraesthesiae, sensory loss, and gastric achjlia. 

Treatment. 

No treatment which can indueoce the course of the degeneration 
IS knoim. Although the patient will ultimately become bedridden, 
this should he postponed as long as possible. Rc-cducational 
exercises may do much to keep the ataxia under control. In Fried- 
rcich's ataxia the pcs ca\*us may reejuiro surgical treatment or 
appropriate boots. In the later stages care must be taken to avoid 
as far os possible exposing the patient to the Tl»k of infections of the 
respiratory tract. , 
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8, AilYOTROPHIC LATERAL SCLEROSIS 

Siinonytns-. Progressive muscular atrophy; progressive bulbar 
palsy, motor nourono disease; cluenic poliomyebtis. 

Definition : A disease cbaroctcrized pathologically by degenerative 
changes, which are most marked in the anterior horn cells of the 
spinal cord, the motor nuclei of the medulla, and the pyramidal 
tracts, and clinically by progressive wasting of the muscles, especially 
those of the upper limbs and those innervated from the medulla, 
combined with symptoms of pyramidal degeneration. The term 
‘progressive muscular atrophy’ is associated especially with the 
names of Aran (1850) and Duchenno (1847). Charcot (1869) distin- 
guished two varieties — progressive muscular atrophy of Aran and 
Duchenno, characterized only by lower motor neurone lesions, and 
a form in which these were associated with symptoms of pyramidal 
lesions and which he called ‘amyotrophic lateral sclerosis ’. These ta o 
varieties are now usually regarded as nosologically identical. When 
the lower motor neurone lesions predominate, or, as more rarely hap- 
pens, occur alone, tho ternr ‘progicssivo muscular atrophy’ is still 
sometimes applied to tho disease, and when the muscles innervated 
from tho medulla are predominantly involved it has been termed 
‘progressive bulbar palsy’. Inmost cases, however, tho symptoms of 
upper and lower motor neurone lesions are mixed, except in tho lower 
limbs, where tho latter are frequently absent until tho terminal stages, 
pp 
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Pathology. 

The Spinal Cord, 

Nak.ed.ej a changes in the spinal coni are slight, but on section the 
grey matter of the anterior horns appears smaller than normal and 
the anterior roots ate wasted. Jlicroscopically there is severe tie- 
generation of the ganglion cells of the anterior horns. This change is 
usuallj' most marked in the cenrical enlargement of the cord, but is 
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alwaja uidespread, and its ecterity is not invariably proportional 
to the clmical condition. Tbe ganglion cells exhibit cliromatolj-sis, 
nhicb 19 at fint perinuclear. The iieorofibriis disappear, and there 
13 frequently a granular deposit of b|iochronie. The total number 
of ganglion cells is much n^uccd. .\s a rule all groups uithin the 
anterior bom eufi'er equally. Tlicrc are exceptions to this, lioucter, 
but there is no general agreement as to whether some are more 
susceptible than others. STiodegenenitronisa.'.iiOcjatcd with a slight 
secondary ghoais, .and occasionally slight pcrivaj.cul.'u'vlnfiltration 
with round cells Las been observed. 

Tlio Weigcrt-Pal stain reveals degeneration of the white matter of 
the spmal cord, uluch is most marked in, and often confuicd to, the 
antero-latcral columns (fjg. 60J. Tiio pjTanudal sutTcr most, 
both the direct and the cnsi>ed pyramidal tracts being affected. 
PjTamidal degeneration is never equally severe at all levels. It is nut 
uncommon to find an advanced change in the lo;tcr dorsal and 
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lunibo-saciral regions, A\hilo tho upper dorsal region is but slightly 
aSectcil, and sovero changes aro found again in the cerrical enlarge- 
ment, extending up to the medulla. Tho spino-cerebellar tracts 
usually show degeneration, es|)ccially the anterior, and tho severity of 
this change varies in different segmraits. Tho nibro-spinal, vestibulo- 
spinal, and tccto-spinal tracts are also degenerated to a variable 
extent, and slight degeneration is occasionally present in tho pos- 
terior columns. Tho endogenous fibres of the spinal cord Mliicb lie 
close to the grey matter are degenerated in the antero-lateral 
columns, but not in the posterior columns. 

T/ic J/cdul/a. 

Tho ganglion cells of tho medullary motor nuclei show degenerative 
changes which aro in all respects similar to those of the anterior horn 
cells of the spinal cord. Theso alterations aro most marked in tho 
hypoglossal nucleus, the dorsal nucleus of the vagus, tho nucleus 
ambiguus, and the trigeminal motor nucleus. The facial nucleus is 
usually less severely affected. Similar changes have been observed 
in the sensory nuclei. There is a marked degeneration in tho pyramids 
of tho medulla. Jicrtmnd and van Bogaert have described a case 
in which pyramidal degeneration was severe in the medulla and 
negligible in the pons and cerebral peduncles. Degeneration has 
also been described in tho restiforni tx^y, the posterior longitudinal 
bundle, the median and lateral hllets, and the reticular formation 
Tho third and fourth nerve nuclei in tlie midbrain almost invariably 
escape. 

The Cerebral Hemispheres. 

Naked-eye changes are usually inconspicuous, but slight atrophy 
of tho ascending frontal convolutions has been described. Micro- 
scopical changes ate most marked ui the cerebral cortex anterior to 
tho fissure of Rolando. Tho tj'pical lesion in subacute cases is a lipo- 
chrome degeneration of the ganglion cells in tho frontal and pre- 
central regions. This change is most marked in the third and fifth 
cortical layers, the latter of which contains the large pj-ramidal 
motor cells of Betr, from which tho pyramidal tracts take origin. 
Degeneration has also been observed in tho tangential fibres of the 
cortex. Some glial overgrowth is usually present in the regions which 
aro tho site of atrophy. Degenerative diaugcs are aiso found in the 
middle-third of the corpus callosum and in the pyramidal fibres in 
tho posterior limb of the internal capsule. 

Peripheral Nerves and Musdes. 

The anterior roots and peripheral nerves exhibit degeneration, 
mth atroijhy of the myifiin sheaths. The muscles show atrophy of 
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the contractile substance with pcrsiatciico of striation and prolifera- 
tion of the sarcolemmar nodei. 

Aetiology. 

Amyotroi)hic lateral sclerosis is a disease of early middle hfe, 
iLsually beginning between the ages of 35 and oO, occasionally as 
late as 70, It is very rare in early life, but it has been known to 
occur in childhood, xisually during tbo second decade. Most cases are 
sporadic, but familial occurrence, though very rare, is not unknown, 
and in such cases the onset may occur cither in middle hfo or in 
childhood. Males are affected more often than females in the propor- 
tion of three to one. 

Although in exceptional cases the diseaxe may bo <luo to an in- 
herited predisposition to degeneration of the motor neurones, there 
is no reason to believe that this cause operates os a rule. It has been 
regarded by some uarkers as inflaminator}’, and hcnco has been 
called 'chrOTic poliomyelitis', but this hyjiotheais is not boriio out by' 
tbo histological appearances. Inflammatory uiflltration Is rare and 
scanty, and ivhcn it occurs probably should bo regarded as a reaction 
to degeneration. Mo^t authorities regard amyotrophic lateral sclero- 
sis as duo to a toxin whUb possesses a predilection for the anterior 
horn cells. Bertrand and van Bogaert make the interesting sugges- 
tion that the primary disturbance is damage to tiio grey matter of 
the spmal cord, tho process spreading across tlio spinpscs to involve 
tho endogenous association fibres and the pyramidal flbres. This 
hyiiothesis affords an explanation of tho lutchy bcgmental distribu- 
tion of the pyramidal degeneration, which on this account can hardly 
bo regarded os secondary to degeneration of tho Betz cells of the 
motor cortex. If tho d}sc.asc is indeed tovio in origiu, tha nature of 
tho toxin is in most cases uoknouTi. Exceptionally', the condition 
follows lead poisomng, and syphilis is regaided by t-oma writers a-s 
responsible for a jiroportion of cases. Syphilitic amyotrophy, how- 
ever, is usually' clinically' distinguidiablo from amyotrophic lateral 
sclerosis, and the remuning cases in which tho latter combtion is 
a-ssociated with a^iObitiTC Wnssertnonn reaction in tho blood otccrc- 
bro-spinal fluid are few. Exceptionally', amyotrophic lateral sclerosis 
has been obsen'cil to superveno in an individual who many years 
previously suffered from acute anterior poliomyelitis. Tliis aswci.-!- 
tion IS 60 rare that it may bo coincidental. It is conceivable, howoi er, 
tliat the intoxication of tho anterior horn tells duo to acute jwlio- 
myelitis may render them liable to tlegeiicrale later if exposed to 
ether toxins. There is no conclusive evidence that trauma plays .my 
part in aetiology, but it is an okl observation that ucaUicss and 
vastiDg may fin>t appear in the muatics which are most used by the 
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jutkat in hbi u<cuintiun. It U unliLtly, houevc-r. that f.itipie i-« a 
cauMt uf the though it luay detimiao the »Uo of oa^ot 

S>mptoms. 

J/o'/r oj On$il. 

Tiie disi^iMj U uiiually ehronic, hut may run a t-iilututo course 
Com^jioniiitigly the oa^ct in gemrally insiiiioiia, but may Ije inoro 
Hie auluro of liio rarlin;! njiii{ituain dc|icnd'< titaui uhich 
region of ihu acrNuui« system U first alfc<tc-d. Commonly the first 
ubiioriuality* ia obrrf'rM^l m tho lianda, vrhi-n* the lutu-nt may lio 
(vjitscioitH of Muuhae-vn, stiirnn>a, or chiuoiincaa of motriiu-nta of tho 
lingers, or liia nttention may bo drauii to the casting, or he may 
|Mrttive iihnlUry tnitchiag. When the shouldi-r ginllo and tii)|ic-r 
nrin muHclca nro first afTiH.Utt tho first h>tnj)tom U ucaknessof mo\ 0 ' 
menta uf tho ohouldor. U’hon degeneration U'ginx in the bulUir 
motor niuh'i the first s>mi>tom to bo nutintl may lx> dysaiflma 
or fihnlLition of tho lipn or tongue fn’fjucntly ueaknesa and 

rtiirtx'sa of tho luucr luiibn oodir early, nmi <xaiu]>-hko {laina in tho 
IiinU uro oiU.u au early symiituiu. 

■Sy/rt/j/or/tr oj l/‘uxr M<Mor Scunint Df'jtmniwn. 

Degi-nemtion of the anterior horn eclU anil of tho motor c\)l« of 
(he muiiilla leaiN to uraknevinnd woslmg uf the must lea uhic li tho> 
iiitierNAlo. Fibnlbtiun i* also .a cratsincuoua mplom atid iKaum m 
thoso mii>(.le4 u]d<.h arc tuipplnsl by ganghun lelU uiidirgiking active 
degenemtion. Jt may l>e Innitoil loa fewgroufwof muoclca, «/r /nuch 
muro vvidt-!i])ifad, uml itn extent u nii iiKhcation of the ihtTu'^ncsa 
of the degcinrativo proceso. V«ry rarely vvidcijinad weAknet»a and 
uo-sting may occur ui l!>unh.sem-ouf fibnJUtiun. When fibrvlUtion u 
not immeduUly eviiUiit it ran often l>c evoked hy sharidy tapping 
the mustiv. CVintrattun'a are iimuIIv slight ,\» a ndo muM.'uUr 
wasting begins in tho harwii*. tlio muM.leH (if the thenar eiuiniiKT-s 
iK'ing tirst airi*<'t(sl Not umommonly one hand mail U-gm to waste 
some months or even a >ear lieftiro tho other. In otlur lasc* the 
un-ct IS s^mmrtrieal. 'the wa.<>tuig temls to sjm'ad to the tmisdia 
imurvatvsl hy the segmmt of (he spinal etmt adjacent to that first 
nlhs (cd Ilemt*. after the Jtanda the fonarm nntseka are iniolicd. 
the tlexom asiiaily sntrering bifiui* thocxUn*«.-n(. The Hr4kiKsauniI 
atr»]Jiy of the h.uul uiusck-^ leoil (<* thiiusinrAA of tho I’m.nr na>Ytv 
mints, uod some dei.rv'e (<f tUM-ltaiwI usindly devrlojw (llgs. 01 ami 
fij) This deformity w not, Imwevir, a« a rule seven*, wnne the long 
fit non ftinl extcn<air« of tho lingtn, by which it is maint«ii>fd. «ne 
soon thriiiM'lviit atTcvtisl, 



Figs. 61 sod 62. A esse of smvotrophic lateral sclerosig. Wasting of Ujo 
muscles of tbe haiid. Xote the promineoce of iho flexor tendons tn the palm. 

supplied by the sixth CCTTjcal sc^eDt, namely, tlio triceps, latiasimus 
dorsi, tlie sternal part of the pectoralis major and sermtus magnus, 
are usually involTed much latw, and the upper part of the tra|)eziu3 
also escape untilalate stage. Themuscics innervated by themcdulla 
may be the first to suffer or they may be aflfected simultaneously 
with, or shortly after, the upper limbs. The tongue is usually the first 
to waste and becomes sbni^en and wrinkled and shon3 conspicuous 
fibrillation (Fig. 63). The wbiciilaris oris also suifers early, but the 
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orbicularis oculi and other facial muscles arc afTcctod later and less 
severely. It has been suggested that tho orbicularis orU may bo 
innervated by part of tho hypoglossal nucleus, fibres from n hieh 




I'lu. G3> A CAso of ain}olrophio latoral ecloros;s. 

Wasting of tho tongue, 

join tho facial iien'o, and its aCTcctioii ;wri paasu with tJio tongue 
has been thus explained. Functionally the bps and tongue are closely 
related, but doubt has been cost upon tho anatomic<al association of 
t]je nuclei. TIio palafo is usually involved shortly after the tongue, 
together with tho extrinsic muscles of tho pharynx and larynx. The 
intiinsio larjiigeal muscles usually escape until late. Tho mandibular 
muscles usually suffer less beveroly than tho tonguo and orbicularis 
oris. Ow ing to -weakness of tho muscles concerned, pursing of tho 
lips and whistling become impossiblo, and in tho later stages saliva 
runs from tho oiien lips. Protrusion of tho tongue is at first weak 
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and later lost. Speech suffers from paresis of tho bps, tongue, and 
palate. The capacity to pronounce labials and dentals is early 
unpaired, and later gutturals. Speech becomes slurred and fmaily 
unintelbgible. Phonation, however, suffers late, if at all. Swallowing 
becomes increasingly dUQcult, and foo<l tends to regurgitate through 
the nose Patients usually find semi-solids easier to swallow than 
either solids or fluids. 

Eiceptionally the extensor muscles of tho cerrical sjuno suffer 
early, and when this occurs the head falls fon^ards. Early involve- 
ment of the muscles of tho lower limbs is rare. Tho anterior tibial 
group and peronei are usually first affected and bilateral foot-drop 
Iresults This mode of onset may cloacly simulate polyneuritis, 
especially when, as occa^onally happens, the motor symptoms are 
associated with muscular pain and a slight degree of sensory loss. It 
has, therefore, sometimes been called the ‘pscudo-pol^mcuritio’ form. 

In whatever part of the body muscular wasting begins, in most 
cases it sooner or later becomes ^ncralked, though progressive 
bulbarpalsy may prove fatal before wasting has had time to develop 
to a severe extent elsewhere. In the final stages weakness of the 
trunk muscles renders It impossiblo for the patient to sit up in bod, 
and paralysis of the respiratory muscles ieads to increasing dyspnoea. 

Electrical Btaciiona. 

Owing to the fact that in n single muscle varying degrees of 
degeneration are usually present in different fibres, the electrical 
reactions of the muscles differ Croni those of simple degcneimrion 
following section of a motor nerve. The response to faradism is' often 
little affected up to a late stage, but a normal, or almost normal, 
faradic response may be associated with the phenomenon of polar 
reversal when the galvanic current is used for stimulation. Tliis 
combination has been termed 'a mixed reaction*. 

SymplVTw oj Upper ilotor A'e«rone Desperation. 

Save in those rare cases in which tho degeneration is confined to 
the lower motor neurones the clinical picture is complicated by the 
symptoms of the upper motor neurone lesions w hich may be present 
from the beginning or may develop after muscular wasting. Since 
lower motor neurone lesions are rarely present at on early stage in 
the lower limbs, these vsnally for a long time present an uncom- 
plicated picture of p^Tamidal degeneration, with weakness and 
spasticity, which rarely becoroesevere. In the upper limbs tho effects 
of the addition of an upper to a lower motor neurone lesion is to 
cause a degree of wea^css which Is disproportionately great in 
comparison with the severity and extent of the wasting, and the 
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tejidon reflexes are exaggerated in spite of the wasting. It is in the 
muscles innervated from tho medulla that tlio effects of pyramidal 
degeneration are of the greatest importance. Here we may encounter 
lower motor neurone degeneration only — progressive bulbar palsy , 
upper motor neurone degeneration only — ‘pseudo-bulbar palsy’ ; or 
a combination of the two, which is the most frequent occurrence. 

A lesion of both pyramidal tracts above the medulla, so-called 
‘pscndo-bulbar palsy’, causes ueokness of the bulbar muscles and 
hence leads to dj-sartliria and dysphagia. Tlie paretic or paralysed 
muscles are not wasted and hypotonic, as in progressive bulbar 
palsy, but spastic. The tongue may apj)enr somo\7hat smaller than 
normal on account of the spastic contraction of its muscles, but is 
not wrinkled and exhibits no fibrillation. Tho jaw-jerk, palatal and 
pharyngeal reflexes are exaggerated and sneezing and coughing 
may bo excited reflexly with abnormal readiness. Tho dysarthria 
resembles lhat which results from a lower motor neurone lesion of 
the muscles of articulation. Pseudo-bulbar palsy, when severe, 
also leads to an impairment of voluntary control over emotional 
reactions, as a result of which paroxysmal attacks of involuntary 
laughing and cryuig occur. These may take the form of an oxag" 
gcration or a prolongation of a norma! emotional response. Thus 
a patient laughs because bo is amused, but having begun to laugh, 
is unable to stop. On the other band, tho emotional resxxmso may 
be quite inajipropriate, such os uncontrollablo laughter on hearing 
bad news, and then fails to correspond to, or express, the patient’s 
emotional state. When pseudo-bulbar palsy and progressive bulbar 
palsy ore associated m the same individual, dysarthria and dys- 
phagia are intensified, impairment of emotional control may be 
present, and an exaggerated jaw -jerk la obtained, in spite of manifest 
nasting of tho bulbar tnuaclos. , 

The Reflexes. 

Tho condition of tho reflexes in a given case depends upon tho 
relative preponderance of upper oud lower motor neurone degenera- 
tion. Tho palatal and pharyngeal reflexes tend to be lost in the later 
stages owing to interruption of tho reflex arcs concerned. Owing to 
the presence of pyramidal degeneration the abdominal reflexes are — 
usually diminished or lost and tho ^ntar reflexes extensor. Tlie 
deej) reflexes, that is, tho jaw-jerk and the tendon reflexes of the 
limbs, vary between exaggeration and abolition. Degeneration of 
the lower motor neurones causes impairment, and finally loss, of tho 
reflexes effected by the muscles innervated. Pyramidal degeneration, 
however, leads to exaggeration of the deep reflexes. Hence it is not 
uncommon to find exaggerated tcndon-jcrks in tho upper limbs in 
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spite of considerable muscular atrophy, an association which 1«I to 
the tcnn ' tonic muscular atrophy' being npplie«I to such cases. Since 
in the low cr limbs muscular casting ia usually late in developing, the 
knee- and ankle-jerks are exaggerated. 

Other Sipuploms. 

In the early stages the sphincters are not os a rule severely affected, 
though slight precipitancy or difficulty of micturition ia not un- 
common Later retention or incontinence may occur- Impotence 
often develops early. 

^Vhen the sympathetic ganglion cells in the lateral Jjoms of the 
grey matter of the upper dorsal region undergo degeneration, symp- 
toms of oculo-sjmpatbctic paralysis, slight ptosis, cnophthalmos, 
and contracted pupils will be present. 

Sensory changes are uncommon, except the occurrence of pain 
in the early stages, which has already been mentioned. Impairment 
of cutaneous sensibility, and even of deep sensibility, however, 
occasionally occurs. The subcutaneous iat tends to disapivear pari 
pas9u with the muscular wasting, and marked cmaciatioa character* 
}Z6a the later stages. Mental changes are absent and, although 
psychosis has occasionally been described, this is probably a coinci- 
dence or merely the reaction to a serious and disabling disease. 
Impairment of emotiooal control is a disorder of emotional expres- 
sion and not of the underlying mental state. 

Diagnosis. 

Amyotrophic lateral sclerosis lequircs to be > distinguished from 
other conditions leading to muscular wasting, especially in the upx>cr 
limbs, and from other causes of bulbar palsy. 

In syringomyelia muscular wasting of tho upper limbs is associated 
with spastic weakness of the lower limbs. Fibrillation, however, ia 
rarely observed in the wasted muscles, and the characteristic disso- 
ciated sensory loss, if not present at the outset, develops at an early 
stage. 

In syphditic amyotrophy the onset of the weakness and wasting 
13 not infrequently accotnpam'ed by pain of considerable severity 
and of radicular distribution. Signs of pyramidal degeneration arc 
usually lacking ; pupillary abnonii^tiGS may be present; the Wasser- 
mann reaction is usually positive in either tho blood or the cerebro- 
spinal fluid, in which also other abnormalities characteristic of 
syphilis may be found. 

Tumour of the spinal cord involving the cervical enlargement is 
likely to cause muscular wasting m one or both up^ier limbs, together 
with spastic paraplegia, but sensory loss is randy absent and the 
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changes characlcristio of spinal block aro usually to be fouucl in the 
cerebro-spiiial fluid. 

Inflammation of a spinal nerve, sometimes called radiculitis, 
causes wasting and weakness of the muscles \vhich it supplies. The 
fifth cervical nervo is that most frequently affected. Tho onset is 
usually acute and associated Avith considerable pain in the neck and 
shoulder. Tho condition is not progressive, and any change is in tho 
direction of improvement. 

Cervical rib may he confused with progressive muscular atrophy, 
especially ivlien it is bilateral, owing to tho presence of wasting of 
the small muscles of both hands. Itluscuiar fihnilatiou, however, is 
absent, and pain along the ulnar border of tho hand and forearm 
is usually a prominent symptom, being frequently associated with 
relative anaesthesia and analgesia in this region. Sioreover, cervical 
rib can be demonstrated radiographically, though it must be remem- 
bered that it is a common abnormality and may not bo responsible 
for the Bjnnptoms of a patient in w-hom it is discovered. 

Lesions of periplicral nerves givo rise to little difliculty as a rule, 
since the distribution of the muscular wasting is at once recognizable 
as corresponding to tho supply of the nerve, and in the case of the 
median and ulnar nerves is associated with sensory abnormalities 
possessing an equally distinctivo distribution. 

Tho muscular dystrophies also are unlikely to be confused with 
amyotrophic lateral sclerosb, since they usually develop at a much 
earlier age. Myotonia atrophica, however, is a disorder of adult life, 
but this condition is readily distinguished on account of the peculiar 
distribution of tho wasting, irith its predilection for the sterao- 
niastoids and the quadriceps, the prcscuco of myotonia, the absence 
of fibrillation, and tho association with cataract either in tho patient 
or Ills ancestors. 

Peroneal muscular atrophy is distinguished by the peculiar distri- 
bution of the ^vasting, which begins in the periphery of tho limbs, 
but in tho lower before tho upper, and is associate with sensory loss. 
This disease, moreover, is usually familial, and tho first symptoms 
generally appear in childhood. 

Arthntis of the hands and iliigem generally leads to consider- 
able wasting of the muscles of the hands. The history of pain in 
the joints and tlie presence of articular or periarticular swelling, 
with limitation of joint movement, render tlie correct diagnosis 
easy. 

Pseudo-bulbar palsy may be due to vascular lesions involving 
tho pyramidal tracts at any point above tho medulla. When these 
are sudden in onset the condition is unlikely to be confused with 
amyotrophic lateral sclerosis. When the onset is insidious, the 
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distinction must be based upon the absence of muscular wasting and 
the presence of arterial degeneratioH. 

In sj-ringobulbia the presence of the characteristic dissociated 
sensory loss over the face is a distinctive feature. 

Prognosis. 

Amjotrophic lateral sclerosis is a progressive disease, but its rate 
of progress shows considerable variations. In the minority of cases 
the patient goes rapidly downhill, muscular weakne^, wasting, and 
fibrillation early becoming widespread, and death may occur witliin 
a ^ear. In the cases in which the onset is sloirer the pro^oals is 
influenced by several factors. Those in wliich the degeneration Is for 
a long time confined to the lower motor neurones do l)c»t. Early 
involvement of the bulbar muscles makes the outlook worse, especi- 
ally when progressive bulbar palsj* is combined with, pseudo-bulbar 
palsy. The average duKitioa of life to the more chronic cases js 
several j'ears: survival for five jears is not rare, -and exception- 
ally life may be prolonged for ten years or even longer. Temporary 
renusaions may occur, during which for a time the disease ceases to 
progress. The generalization of fibrillation is a bad sign. 
Treatment. 

The cause of the disease being in most cases undiscoverable, treat- 
ment is limited to dealing with symptoms. Ereiy* effort should be 
mode, however, to ascertain whether tbe patient has been exported 
to any form of chronic intoxicatioa. Syphilis may be excluded by 
the usual serological teaU. The urine should be examined for the 
presence of lead, and inquiry should be made into the details of the 
patient’s occupation, in ease this may involve exposure to toxic 
substances. Focal sepsis should also be sought and treated. The 
patient should avoid fatigue and c-vposuro to cold, but should be 
cQoouiaged to continue at a h'ght occupation oa long as jxi&sible. 
JIassage is advisable, if only for its psychological effects, but electrical 
treatment, especiaUy faradism, probably does hoini. When the dis- 
order begins at the climacteric ovarian follicular hormone or testi- 
cular hormone may be given. For many 3 care strvclinine has been 
given, but is probabJj’ Valueless. Merenzy and iodide roa 3 - be tried. 
In the later stages the bladder and skin may require the attention 
nccesaitated in cases of paraplegia. 
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9. SPASTIC PSEUDO-SCLEROSIS 

Tlio term spastic psewh-sekrosis was first applied by Jakob (1021) 
to a group of cases de.'»cribod by Creutzfcld (1020) and himself, m 
vvliich mental deterioration was associated with symiptoins of both 
pyramidal and cxtrapyTamidal disease. It is convenient for the 
present to retain it for this group, though ns thu work of Llicr- 
initte and McAlpino (1026) and Datison (1032) shows it u not 
certain that it corresjwnds to a nosolt^ical entity 

Pathologically Davison found atrophy of the cerebral convolutions 
from the frontal to the jiarictal regions, with scantiness and destruc- 
tion of the ganglion cells, especially in the third, fifth, and sixth 
laj ere, with marked destruction of Betz cells, proliferation of vessels, 
increase of microglia and protoplasmatic astrocytes of the cortical 
grey matter, demj clinatiou of the pallidal fibres, destruction of 
tlie cells of the pallidus, the Corpus Luysii and the paraventri- 
cular nuclei and degeneration of the pyramidal tracts and of the 
anterior horn cells of the spinal cord The cause of these changes is 
unknown. 

Ciim'caiiy the course of the disease is usuaWy rapid, the patient 
surviving only for two or three years The symptoms are progressive 
dementia, dysarthria, spastic weakness of the limbs, extrapyraraidal 
symptoms, such as rigidity of the Parkinsonian tyiie, tremor or 
athetosis, and muscular wasting Ifeitlier mental changes nor 
muscular wasting, however, were present in Lhermitte and McAl- 
pine’s cases. 
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10. PERONEAL MUSCULiVR ATROPHY 
SynontfTna'. Neural progressive muscular atrophy; Charcot'Marie. 
Tooth’s disease. 

Dtfinilioni A hereditary form of progressive muscular atrophy 
Erst described io ISSO by Charcot aod 3krie and hter in the seme 
year by Tooth. Wasting usually begins in the small muscles of the 
feet and later in those of the bands, and never advaucea beyond the 
peripheral parts of the Umbs. The muscular atrophy is secondary 
to degeneration of the motor nerves, though -vrbether this begins in 
the nmes or in the spinal cord is uncertain. 

Pathology. 

According to Buzzard and Greenfield the most constant patho- 
logical change is an interstitial neuritis of branches of the cxtcznal 
popliteal nerve. In most cases, though not invariably, changes ore 
also found in the spinal cord, especially degeneration of the ganglion 
cells of the anterior horns in the cervical and lumbar enlargements 
and of the cells of Clarko’s column, together ^vith degeneration of 
the dorsal columns and later of the pyramidal tracts. The aficctcd 
muscles exhibit a simple atrophy. It appears likely that the changes 
in the spinal cord are secoudary to tho affection of the peripheral 
nerves, though in\olvemimt of tho pyramidal fibres is difficult to 
explain on this hypothesis, unless, as has been suggested, fntho case 
of amyotrophic lateral s^eiods, toxic substances have tho power to 
pass from the anteriorhom cells to the terzninationsof thepyramidal 
fibres. 

Aetiology. 

Although sporadic cases occur, the disease is usually hereditary 
and a number of pedigrees of aScctcd families have been published. 
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Herringliam liaa reported one inMrhicli 20 cases occurred in the course 
of five generations, the disease being transmitted as a sex-linked 
recessive, males only being affected. In the majority of affected 
families, however, it has behaved as a Mendclian dominant, affect- 
ing, and being transmitted by, both sexes. Males are affected more 
frequently than females, possibly on account of the occurrence of 
families with a sex-linked transmission. Apart from the e.vistenco 
of inherited predisposition, little is known conceniing the aetiology, 
though Petto has suggested that exogenous factors may also play a 
port in causation. 

In most cases the onset of symptoms occurs during tlie second half 
of the first decade of life, but has been known to occur up to the 
age of 40. 

Symptoms. 

The first s^miptoms arc muscular wasting and weakness, which 
usually begin in the pcronci, extensor communis digitorum, or the 
small muscles of the foot, symmetrically on the two sides. Paralysis 
of the peronei leads to tatlixis cquino-varus, but when the wasting 
begins in the intrinsic muscles of the feet pcs cavus results. Not 
uncommonly it is tho deformity of the feet and the resulting lab- 
orious ‘steppago' gait wbicli bring the patient under observation. 
Wasting docs not usually appear in the bands until a number of 
years after its onset in the feet. Occasionally, however, both 
upper and low cr extremities are affected simultaneously ; exception- 
ally tho hands suffer first. The muscular atrophy, whicli is not 
uncommonly associated with fibnllation, tends to spread very slowly 
pro.\imally, not involving tho muscles longitud^ally but trans- 
versely, It does not extend abovo tho elbows nor above the 
junction of tho middle and lower thirds of the thigh. This 
peculiar ascending distribution of the wasting leads to a sinking 
appearance of the limbs. WJien tli© lower part of the calf is wasted 
the ‘ fat bottle ’ calf is produced, and wasting of tbo lo^vcr third of the 
thigh leads to tho so-called ‘inverted champagne bottle’ limb Tho 
muscles of the head and trunk almost invariably escape, though 
wasting of tho spinati and pectomlis major has been described. 
Contractures occur, but are usually slight in proportion to the degree 
of wasting. 

Changes in the electrical reactions of the muscles are present. Tlie 
reaction to faradism is usually diminished or lost ; that to galvanism 
is often less reduced, but tho reaction of degeneration may be present. 
These electrical changes may be wid«pread and have been observed 
in muscles winch were not the site of wasting. 

The tendon reflexes are variable. They are usuaDy diminished or 
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lost in the wasted muscles in proportion to the degree of wasting, hut 
Zossof the tendon reflexes may {secedsatropbj. The plantar reflexes 
are usually lost. 

Sensibihty may be unaffected, hat there is often some injpainnent 
of appreciation of light tonch, pain,' and temperature over the peri- 
phery of the limbs. Deep t^nahUity is Jess often affected. Charcot 
and Marie, in their origi^ paper, described vaso-motor changes in 
the extremities, and perforating uloers may occur. The function of 
the sphincters remains normaL 

The cranial nerres are usually normal, hut optic atrophy has been 
desenbed in a feiC cases and so, top, has inequahty of the pupils, 
which IS possihly clue to impUcatmo of the ocular sympathetic 
fibres Tngcminal neuralgia and anaesthesia rarely' occur. 

Symonds and Shaw hai'e described an abortire form of the 
disease characterized by claw-foot and absence of the tendon reflexes 
in the lower limbs. This may occur in some tuemhem of a sibshfp, 
other members of which exhibit the disorder in its fully developed 
form. It has aLo been observed as tho sole manifebtation of the 
disorder in a £itnUy. 

Diagnosis. 

The onset of the mnscular wasting in tho lower b'mhs and its 
pecuhai ascent ftom the periphery are distioctive features which 
usually render the diagnoais easy. In the muscular dystrophies ' 
affect^ muKles waste longitudinally and the distribution of tho 
wasting is characteristic of the various forms. Dy stropLia myotonica 
ia distmguLhed by the presence of myotonia and by the distribution 
of the wasting, especially its selection of the stcrnomostoiiis and the 
quadriceps. Progressive muscular atrophy usually begins in adult 
life, and the feet are rarely (be site of wasting. Priedielch's ataxia, 
like peroneal atrophy, is a hereditary disorder which gives rise to pcs 
cavus, but nystagmus, ataxia, and extensor plantar responses are 
pecuhar to the former, in which, moreover, muscular ivastmg is 
rare. Polyneuritis may cause wasting of the peripheral muscles of 
both upper and lower limbs, but it is rare in childhood and usually 
leads also to pain and tenderness of the muscles and more marked 
sensory impainncnt than occurs in peroneal atrophy 

Prognosis. 

J&?<?iscirrffrfTCi3s-s rerysJjwcimrae and arrest mayocuccraC any' 
stage Since the wasting always rcinama confined to the limbs, the 
disease does cot shorten life and many patients hare been reported 
alive 45 or 50 years after tho onset of symptoms. In spite of the 
deformities the degree of diaalulity is often surprisingly slight. 
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Treatment. 

No treatment \Till arrest the course of the disorder. JIassage and 
appropriate exercises will help to maintain the nutrition of the 
muscles and to enable the patient to make the best use of his avail- 
able resources. Appropriate surgical boote will be required. 

REFERENCES 

Bdzzaiid. E. F., and Gheektibld, J. G. (1021). Palhtilogy of the nenout 
systetn. London. 

CuAncoT, J. M., and SIabix, P. (18S6). Stir une foimo particuht-ro d’atrophio 
musculaire progreasive BOiivent fomilialo. Rev. denied vi. 97. 

Eispnbud, a., and Ghossuak, M (1927). Peroneal form of progros^tie 
muscular atrophy. Arch. Neurol. A Peyehtat aviu 766 
IIehrikgham, tv. P, (1880-9). Uluacular atrophy of tho peroneal type 
affecting many roemhera of a family. Brain, xi. 230 
Pette, H. (1924). Zur I’athogenese dcr nourotischen Muxkelatrophie Ztechr. 

f. d. get. Neurol. «. Ptycliial. xcii. 324. 

SvKOKDS, C. P., and Sicaw, M. E. (1926). Famihal clav foot intii absent 
tendoa.jerka: a ‘forme fruste' of tlie Charcot Mane-Tooth duease. 
Dram. xlix. 387. 

Tooth. H. H. (1886). The pctonoal type of progressive icuseular atrophy — 
Cambridge thesis. London. 


11. INFANTILE FORMS OF MUSCULAR ATROPHY 

TJiero has been considerable discussion as to the relationship 
heU\ eon tw o muscular disorders of infancy, amyotonia congenita, or 
myatonia of Oppenheim (1900), and progressive spinal muscular 
atrophy of infancy, first described by Werdnig (1890) and Hoffman 
(1891). Spiller (1913), on clinical grounds, threw doubt upon the 
distinction of these diseases, and recently Greenfield and Stern have 
pointed out that they are patliologically mdlstinguishable Never- 
thcleas, since they iliffer in certain important clinical features, 
especially prognosis, it seems desirable to maintain the distinction. 

Pathology. 

Both these conditions are characterized by atrophy and cliroma- 
tolytic degeneration of the ganglion cells of tho anterior horns of tho 
spinal corf and to a variable extent ol the cranial nerve nuclei. Tlio 
anterior roots are small and largely demyeliiiatcd. Tho peripheral 
nerves exhibit a high proportion of email finely myelinated fibres, 
and tho muscles show simple atrophy with a number of very small 
fibres and a considerable amount of fat ropiaeeraent in chronic cases. 
Tho diaphragm, however, is always normal. 

Qq 
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Aetiology. ^ 

The cause of these conditions is unknown, but both may occur 
in more than one member of the same famil}*, though a famihal 
incidence is commoner in progressive muscular atropliy than in 
amyotonia congenita. Cases bare not been described in successive 
generations. It is uncertain whether the disea.‘os are due to the in- 
heritance of an ahnonnal recessive gene or are acquired ns a result 
of disturbance of foetal development. Although cases liave been 
reported following acute infections it is doubtful if these pLiy a part 
in aetiology. 

The muscular disorder is secondary to degeneration of the motor 
ganglion cells of the spinal cord. This process has nin its course at 
birth in amyotonia congenita, but continues to progress in Werdnig- 
Hoffman’s disease. 

AatroTO-vw Co.voEMia 

DtJinUion: A congenital disorder cbaractcnzed by extreme hypo- 
tonia and u cakness of the muscles, without complete paral^'ois, with 
a tendency to improvement. 

Symptoms. 

The condition is usually present at birth, though frcquen.tiy it is 
not ob^rved until tbc child is old enough to attempt to nidO its 
head. The most striking feature of the disorder is the e.ttremo 
bj'potoniaty of all the muscles, which renders it jiossiblo for the 
limbs to be placed in most bizarre attitudes. The muscles, tliough 
weak, are not actually paralysed, but the didd is unable to maintain 
any posture against the force of gravity. It is, therefore, at first 
unable to raise its head and, later, to sit or to stand, though it Is 
able to move its ](^ if it is supported beneath tiie axillae. The 
tendon refiexes are absent and the reaction of the muscles to faradism 
is usually lost, while that to galvanism is retained, ^fuscular contrac- 
tures tend to develop, especially in chronic cases, and severe scoliosis 
may occur. The intercostal muscles and diaphragm usu-illy escaj*. 

Diagnosis. 

The diagnosis is usually ea.sy, since no other condition diarac- 
tcrized by extreme moscular hypotonia is present at birthand shows 
tie ssme tcadeoey to improreaieat. ft^igre>sivu spinal mascuiar 
atrophy of infants usuaDy develops during t he second half of the first 
year of life, leads to conspicuous muscular atrophy, and terminates 
fatally. The muscular dystroph&s all develop htter in life and at the 
beginning exhibit localized muscular wasting. 
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Prognosis. 

The general tendency of tbo disorder is to improve, and, if the 
patient survives intercurrent infections, a considerable degree of 
recovery may occur, though this is rarely complete. 

Treatment. 

Treatment must be directed to educating voluntary movement and 
to maintaining the nutrition of tho muscles by massage and passive 
movements. Contractures may rcqiiito tenotomy. 

PnooREssivE Spinal Mcscolae Atrophy op Infants 
Syitonymi Werdnig-HofTmanu’a paralysis. 

Definition : A rare disorder, usually beginning at tho age of Qmonths 
and sometimes affecting several members of tho same family, charac- 
terized by progressive mu3Cul.Ar atrophy, and terminating fatally. 

Symptoms. 

Affected ciiildrcn are usually normal at birth and do not begin to 
exhibit the symptoms of the disorder until they are a few months 
old. Muscular weakness then begins in the muscles of the back and 
the pelvic and shoulder girdles, whence it spreads to tho proximal, 
and later to the distal, muscles of tho limbs. The affected muscles 
waste rapidly, though the wasting may bo obscured by subcutaneous 
fat. Muscular fibrillation may Im present. Tlie intercostal muscles 
usually become affected and the bulbar muscles may suffer also, but 
tho cUaphragm usually escapes- The muscles exhibit the reaction of 
degeneration. The tendon reflexes are lost. Sensibility is usually 
unimpaired, though Collier and Adie hav e described analgesia over 
tho limbs and trunk. 

Diagnosis. 

The condition must be distinguished from amyotonia congenita, 
which is present at birth and which is characterized by greater 
muscular hypotonia with less wasting, absence of complete para- 
lysis and of involvement of tho iutcrcostals. and in which there is 
a tendency to improvement. 

Prognosis. 

The condition, as its namo implies, is always progressive, and 
usually terminates fatally in a few months, though cases have been 
described in which survdval up to 6 years has occurred. 

Treatment. 

No treatment of any value is known. 
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12. FACIAL HEMIATROPEY 

Dejfniiidn : A trophic diiordtr of oncert^in Mtiology, cltaracterized 
by progressire vrastlng of sorocorall of tbe tLsuos of one sido of the 
face anti sometimes extending beyond these limits. 

Synonym: Parry-Rooiberg’s symlrome. 

Pathology. 

Facial hemiatrophy, irhicb was first desenbed by Romberg in 
1846, consists essentially of an atrophy' vhicb usually' involves all 
tbe tissQca of the face — the skin, the subtnitaneous fat and connecti> e 
tis&ue, the muscles, cartilage, and bone. Tbe muscular atrophy is 
due to a disappearance not of tbe muscle-fibres but of tbe fat and 
connective tissue of the, muscle. Tbe tongue and soft palate often 
suffer in addition. Tbe cartilage of the nose frequently becomes 
atrophic. That of tbe car, larynx, and tarsus is less often affected. 
In tuo cases the changes cba^tcristie of interstitial neuritis hare 
been otteerved in the trigeminal nerve on the affected side. 

The cerebral hemisphere on the affected side may be atrophic. 
Stief (1933) has described great vasodilatation of the ip>iJateraI 
hemisphere and round cell infiltiatioii of tbe cervical sympathetic on 
the affected side. 
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Aetiology. 

It is a disorder of early life, usually <IeveIoping during the second 
decade, and is Bonietimea congenital. A number of cases, Lou ever, 
have been obser\'ed in which the onset has occurred in middle life 
or even old age. Among the inedisporing causes local trauma to the 
head, face, or neck appears important. The disorder has sometimes 
been ascribed to local infections in tho neighbourhood of the jaw and 
pharynx, for example alveolar abscess, and its onset has followed tho 
extraction of teeth. Gcner.il infections have been held responsible, 
but their importance is dilhciilt to assess, except ui the case of pul- 
monary tuberculosis, which has been described too frequently for its 
association witii facial hemiatrophy to bo a coincidence. Those who 
attribute the latter to a disorder of tho cervical sympathetic believe 
that this may be involved in an apical pleurisy of tuberculous origin. 

Tho immediate pathogenesis of facial hemiatrophy is unknown. 
Its association with sclcrodcrinia has been emphasized. Nevertheless, 
tho two conditions appear to bo distinct. Some workers have attri- 
buted it to a le&ion of tho trigeminal nerve. It is tnio tliat neuralgia 
pain is not uncommon in facial hemiatrophy, and facial anaesthesia 
has occasionally been observed. Lesions of tho trigeminal nerve, 
however, arc common, whereas facial hemiatrophy is rare, and it 
is unlikely that the former is (he cause of tho latter. Archamboult 
and Fromm have recently summarized tho arguments in favour of 
attributing facial hemiatrophy to a disturbanco of tho symp«ithctic 
nervous system. Tho dlsonlcr has not uncommonly been obaerved 
in association with symptomsof paralysisof tho cervical sympathetic, 
both of peripheral and of central origin, but either may occur without 
the other, and Itieir relationship remains obscure. 

Symptoms. 

Wasting may begin at any point of tho face and may cither remain 
limited to ono region, so that it has been desenbed as corresponding 
to one division of tho trigeminal nerve, or may spread, either slowly 
or quickly, to the uholo face, eoatetiaies extending to the side of the 
neck and even, as in a case of Martin’s, involving tlio breast on tho 
same side. Some authors would relate cases of progressive hernia- 
trophy of tho whole body. When tlio disorder is well developed tho 
patient’s appearance is striking, the affected half of the face being 
sunken and wTinkled and presenting the appearance of old age, a 
marked contrast to tho normal ride. Very rarely botli sides of the 
face are affected. Tho atrophy frequently involves the soft palate, 
tongue, and mucous membrane of the gums on the same side. 
Muscular weakness is absent. Falling of the hair of the face and scalp 
on the affected side is not uncommon. Pigmentary anomalies of tho 
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skin, such as vitiligo, fit;«iuenlly occur, and facial naevus has been 
descnbed. Pains of a ncnralg^o character are not uncommon anil are 
frequently associated with tender spots. True tic douloureux may 



Fig. &4. Facial bemiatifplijr aaiiociateJ witli atrophy at 
the ipsilatersl cerebral bcracqihera. (See also t\g. fiS). 


occur. Sensory impairment is rare but cutaneous anaesthesia and 
analgesia have been encountered, tSneating and lacrimal secretioa 
may be either dinumshed or mcreased on the affected side. Ocui^ 
sympathetic paralysis — myosis, ptodis, and cnophthalinoa — has been 
encountered in a proportion of cases and I have seen unilateral 
Argyll Robertson pupil. In other cases the pupil on the affected 
aide has been larger than on the normal side. ' 
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Epileptiform convulsions, in some eases Jacksonian and in otiiers 
generalizotl, luvvo occurred in a small number of eases. I liave seen 
one such c,iso (Fig. 04) in Avhicli left facial licniiatrophy was asso- 
ciated with right-sided epilepsy, hemiplegia, hemianaesthesia, hemi- 
anopia, and aphasia, and atrophy of the left cerebral hemisphere 
was demonstrated by encephalography (Fig. 05). Migraine is com- 



Fio. 6o. I'ncial licuiiatropliy with atrophy of the ipsilatcral heim- 
sphm; resulting Jii Jilatstjon of the veotncloon the same iudo and causmg 
a local colloctiou of air ot or tlio smfaco of the heiiusphere ui the region of 
the atrophy. Itiuliagmin by Dr. Jiipo. Stune patient as Cg C4. 

mon. Facial hemiatrophy is sometimes associated witli syringo- 
myelia, and the presence of eclerodcrmia elsewhere in the bi^y lias 
often been observed. 

Diagnosis. 

The clinical picture is so strikiog that it can hardly bo confused 
with anything else. 

Prognosis. 

The wasting may become arrested before the whole of the face is 
involved, but there is no means of detennining whether or not this 
will occur. The disorder causes no disability. 
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Treatment. 

No known treatment will arre&t the progress of the disease. Por 
cosmetic purposes Gersuny introduced melted paraffin into the sub- 
cutaneous tissues. X-ray irradiation is the most satisfactory method 
ofrellering the neuralgic pains but the usual treatment of trigeuimal 
neuralgia may he required. 
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■ CHAPTER XIV 
DISORDERS OF THE SPINAL CORD 
1. .VNATOMY OF THE SPINAL CORD 
TllK spinal cord lies wtliin the vertebral canal, extending fioin the 
foramen magnum, ^vhere it is continuous ivitli the medulla oblongata, 
to tho lev el of the first or socoiul lumbar vertebra. It is oval in shape, 
being flattened from before Imckwanls, and exhibits two enlarge- 
ments, in tho cervical and lumbar regions, corresponding to tho out- 
flow of nerves to tlio limbs. At its lower end tho spinal cord terminates 
in tho conus modullaris, from tho end of wltieh a delicate fllaincnt, 
the ilium terminale, is prolonged downwards as far as the posterior 
surface of tho coccyx. The surface of tho cord exhibits several 
longitudinal grooves, tho deep anterior median fi&suro and tho 
shallower posterior median sulcus, vrhilo on the lateral asp«ct are 
two sulci, tho antero-latcral and tho poatcro-latcral From the last 
two A series of root fllaments emergo on each side of tho cord. At 
intervals sorcral fllaments from tho postcro-latcral sulcus unite to 
form a dorsal or jvostcrior root, upon uhicl) is situated a ganglion, 
tho posterior root ganglion, and similarly those from tho aiitcro< 
lateral sulcus unite to form a ventrAl or anterior root. One anterior 
and tho corresponding posterior root on ono side join together just 
distally to tho posterior root ganglion to form a spinal nerv o. Thus 
from each side thcro arises a series of spinol nerves, and tho spinal 
coni is regarded as divided into segments, one corresponding to each 
pair of spinal nerves. Thcro aro eight cervical, twelve dorsal, five 
lumbar, five sacral, and ono coccygeal segments. Tho spinal cord, 
like the brain, is surrounded by three meninges. The pia mater is a 
fibrous membrane, which forms tlio immediate covering of tho cord 
and from which fine septa penetrate into its substance. The arach- 
noid is a delicate, transparent membrane, which lies superficially 
to tho pia mater, from which it is separated by tho subarachnoid 
space w liich contains the cercbro-spinal fluid and which is bridged by 
numerous trabeculae. Tlio arachnoid extends as low as the second 
sacral vertebra. Outside the arachnoid lies the dura mater, which 
forms a lining to tho vertebral canal, from which it is separated by 
the epidural space containing fatty tissue and a thin-wallcd venous 
plexus. The dura mater extends a little lower than the arachnoid, 
to the second or third sacral vertebra. The spinal cord is suspended 
within its dural sheath by a series of liganieiita denticulata, which 
extend laterally from the sides of the cord to terminate in a tooth-like 
attachment to tho inner aspect of tho dura. 
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On transverse section the substance of the cord is seen to be 
divided into the central grey and peripheral nhitc matter. The 
grey matter is composed of ganglion cells and nerve-fibres and tho 
white matter of fibres only. The grey matter forms an H-shaped 
mass composed of an anterior and a posterior horn on each side, 
umted by the grey comnussure, in the centre of which is situated 
the central canal. The anterior homs of grey matter contain the 
ganglion cells, the axoncs of which compose the anterior roots and 
which constitute the lower motor neurones. These cells are not 
uniformly scattered throughout the anterior horns, but are arranged 
in definite groups. In the cervical and lumbar enliirgcments it is 
possible to distinguish an antcro- and a postcro-lateral, an antero- 
and a postero-mesial, and a central group. According to Bing: ‘It 
may be said that the centres for the spinal musculature are to be 
found in the dorso-mesialgroup, those for the muscles of the proximal 
segments of the limbs in the vcntro-mesial, while the two lateral 
groups govern the reoiaining segments of the extremities. The 
centres ibr the coarser movements of flexion and/extension are in 
the neighbourhood of the peripheiy, while those for the finer move* 
meats (e.g. of toes and fingers) lie nearer the central groups. ’ 

The white matter, which consists of the longitudinal bundles of 
nerve-fibres, is regarded as divided into three columns. The anterior 
column lies between the anterior fissure and the anterior hom of 
grey matter with its emcrgiDg roots. The lateral column is situated 
on the lateral side of the grey matter, between the anterior and 
posterior toots, that is, between the antero-Iateral and postero- 
lateral sulci. The posterior column lies betw een the posterior median 
septum and the posterior bom of giey matter and tho posterior root. 
The paths of the fibres entering the spinal cord by ibo posterior roots 
ace described elsewhere, (sec pp. 29 to 32 ). The anatomical aitua* 
tion of the various fibre-tracts of the spinal cord is best appreciated 
by reference to the diagram (Fig. 6, p. 30). 

The Blood-supply of the Spinal Cord. 

Arteries. The spinal cord is richly supplied with blood. There are 
two posterior spinal arteries, each derived from the correspondmg 
vertebral or posterior inferior cerebellar artery and jiassing down- 
wards upon the side of the medulla oblongata and throughout the 
whole length of the spinal cord, where it lies either in front of, or 
behmd, the postenor nerve-roots. The single anterior spinal artery 
IS formed by the union of a branch from each vertebral artery, and 
descends throughout the whole length of the spinal cord in the 
anterior median fissure. The spinal arteries are reinforced by seg- 
mental arteries, which enter each infcrvertebral foramen and are 
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derived from the vertebral, intercostal, and lumbar arteries. The 
spinal cord is thus surrounded by a vuso corona or arterial wreatli, 
wbicli unites Ibo spuml arteries oiid uhicli sends brancbe.% horizon- 
tally inuards to supply the Mhito matter and tfio greater part of 
tho ix>sterior horns of grey matter. The anterior horns of grey 
matter are supplied by n fi])ecial artery, tho sulcocomniissural, 
derived from the antenor siiinal artery' and distributed to tho 
anterior horn on each side nltcruatcly'. 

Recent work (Bolton, 1930) suggests that tho direction of blood 
How' is downwards in tho anterior spinal artery and in tho posterior 
spinal artery ilown to tho lower cervical region, but that in tho rest 
of the {lostcrior spinal artery blood How is derived from tho terminal 
^wrtion of tho antenor spinal artery and is directed upwards as far 
os the upjicr thoracic region Within tho cord tho anterior spinal 
artery supplies all but tho jiostcrior portion of tho jiostcrior eoliimii 
and jiosterior honi, which is supplied by tho posterior spinal artery. 

reiiu. Tho spinal vcuis derived from tho substance of tbo spmal 
cord terminate in a plexus in the pia mater, in vrhicb six longitudinal 
channels have been desenbed. Tlicso pass upwards Into the corro- 
Blinding veins of the medulla oblongata and so dram into tho 
intracranial venous sinuses. Segmental vcuis pass outwards along 
tho nerve-roots to join tho intcmal vertebral venous plexus, in 
which also blood tiows upwards to tho intracranial venous sinuses. 
Venous drainago through tho intervertebral foramina is relatively 
unim|)ortant. 
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2. PARAPLEGIA 

By jiaraplcgia is meant poralysis confined to the lower limbs. 
This may be caused by a disorder of function at different levels. 
It may bo psychogenic — in hysteria. It may occur as a result of a 
cerebral lesion, when it is so placed as to damage tho pyramidal 
fibres from tho leg areas of the motor cortex only'. Cerebral para- 
plegia may thus bo jiroduced by' a menmgioma arising in the falx, by 
thrombosis of tho su^rior longitudinal sinus, by congenital cerebral 
lesions (Littlo’s disease], and in rare instances by tiuombosis of an 
unpaired anterior cerebral artery. In such cases tho lower limbs are 
usually' spastic in extension. Paraplegia duo to a lesion of the spinal 
cord is very much commoner and is the form usuaUy encountered. 
Spinal paraplegia may be associated cither with extension or with 
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flexion of the lower limbs, p.mp}effa-hi-oxtcn'>ion and paraplegia- 
in-Ocxion. Paraplegia iiiajr also Le caused by a lesion of the cauda 
equina, or of tbo penphcral ncrx’ea to the lower iimljs, oa in jx>ly- 
neuritis. We arc hero concemed mainly with paraplegia duo to 
lesions of the spinal cord. 

Following a pyramidal lesion two mutually antagonistic retlex 
activities emerge, extensor hypertonia and tho flexor withdrawal re- 
flex (seep. 41). Tiiefornieri9rctogni2«JaiipbysioIogimJ)3’cquh’aIent 
to decerebrate rigidity in the animal, which, it will l>o rcinemhcretl, 
is probably’ dcjicndent upon the connexians of tho x'cstihul.or nuclei 
with the spinal cord, i.c. tho vcstibulo-spiiul tracts. Tho flexor with- 
drawal reflex, on the other hand, utilizes short sjiinal reflex arcs. 
After a lesion which involves tho pyramidal tracts onl^’, both sets 
of reflexes are potentially active, but extensor h^-pertouia predomin- 
ates as a persistent tonic activity', giWng tray* only occasionally to 
the flexor withdrawal reflex when a noeuons stimulus excites the 
latter. If, how ever, a spinal lesion involves a Eiiifidcnt extent of tho 
cord to destroy not only ^he pyTamidal fibres but al>o tho \estlbulo- 
spinal tracts, upon which extensor hypertonia depends, the flexor 
reflex, freed iniii its antagonist, manifests greatly heightened 
activity and dominates the picture. Violent flexor spasms occur in 
tbo lower limbs, which in severe rases Anally bcoomo fixed in an 
attitude of flexion, with tho heels approximated to the buttocks. 
Paraplcgia-in-llcxion may be tbo outcome of a progrcssivo lesion of 
the cord, in wiiicli ea»e it follows paraplcgia-in-cxtension oRcr an 
intermediate phoso in which tbo balance swings between tho two 
reflex sy'stems. After traumatic Icfion, c.-tusing iniuiediato and 
complete severance of tbo cord, on Ibo other hand, paraplegia-in- 
extension never occurs, bccauso tho vcstibulo-spinal tract is inter- 
rupted from the beginning and, as soon as the stage of spinal shock 
has ])asscd, paraplegia-in-flcxion develops. 

Paraplegia- ln«flcxioa. 

In parapl^a-in-flcxion three rcfloi activities are denion-strabje: 
(1) the fleiorwithdrawalrertcs, (2) excretory, and (3) sexual reflexes. 
We must also consider (4) the 'juaas reflex' and (5) the tendon 
reflexes. 

(1) Thejlexor u‘ilhdraieal rejiex has already' liecn briefly described 
(see p. 41). In parspl^ia-io-flexion activity' is much enh.mcc<i. 
Its receptive field is enlarged and it may be elicitablo by a nocuous 
stimulus applied to any part of the loiver limbs and alxlominal wall, 
or even with a high dorsal lesion aa high as the nipple. Tho motor 
response is extremely vigorous, and stixuig fiesion of tho lower limb 
occurs at all joints, with upward movement of the great too anti 
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se|).irution of tho oflier toes. Ttfa ia usually unilateral, but tlio 
opposite lower limb may aUo become flexed. TIjo activity of tlio 
flexor reflex is depressed by spinal shock and by cutaneous or 
urinary infection. Both its receptive field and its motor response 
then shrink until it can be obtained only from tho outer border 
of tho sole, and yields only a contraction of tho inner hamstring 
muscles. 

(2) Excretory Reflexes. \Vlien reflex activity of the divided spinal 
cord is well established, in traumatic coses about three necks after 
transection, reflex evacuation of the bladder and rectum and refle-v 
sn eatmg occur. Tho volume of fluid required to evoke reflex con- 
traction of the bladder wall varies in different cases, but is usually 
about G or 8 oz. Reflex eraptj’ing of tho bladder can be facilitated 
by deep breathing or by nocuous stimuli applied to the skin of tjie 
lower limbs. Reflex evacuation of the rectum occurs in response to 
a volume of from 4 to 0 oz. Sucating occurs reflcxly in response to 
cutaneous stimuli from the areas of slii supplied by the fibres of the 
sympathetic nervous sptem which leave the spmal cord below the 
level of the lesion. 

(3) Sexaal Reflexes. In jiaraplcgia-in-flexion the cremasteric, dar- 
tos, and bulbo-cavcmosus reflexes are present, and reflex erection of 
tho penis and seminal emission can be evoked by handling the organ. 
Spontaneous priapism may occur. These sexual reflexes may bo 
associated with contractions of the abdominal recti, the leg flc.xors, 
and the adductors of the thigh. 

(4) The Mass Reflex. Reflex facilitation is probably responsible 
for the phenomenon named by Head and Riddoch ‘the mass reflex’, 
in which stimulation of the skin of the lower limbs and, when tJie 
lesion is high, of the lower abdominal wall evokes reflex flexion of tho 
lower trunk muscles and tbo lower limbs, evacuation of the bladder 
and rectum, and sweating. 

(5) The Tendon Reflexes. Tho tone of the extensor muscles is 
uunimal in paraplegia-in-flexion, but the tendon reflexes can usually 
be elicited. Ankle clonus, however, never occurs. 

Paraplegia* in-extensioa. 

In parajilegia-in-extension tone predominates in tho adductors of 
the hips and the extensors of the hips, knees, and ankles with a result- 
ing posture of extension of the hip and knee and plantar flexion of 
tho ankles. The knee- and ankle-jerks are exaggerated and patellar 
and ankle clonus are frequently present. The elicitation of the knee- 
jerk may evoke a sliarp contraction of the adductors of tho opposite 
hip, the crossed adductor-jCTk. Reflex extension of the limb can 
often be obtained by applying a nocuous stimulus, such as a scratch 
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from a pin, to the skin of the upper tbml of tlio tliigh, and spon- 
taneous extensor spasms may occur. 

this preraJcnce of extensor tone tie flexor withdrawal reflex 
is relatively iidiibitcd. Its field of didtation is small compared with 
that found in paraplegia-in-flexiott- After it has been evoked Uio 
limb regains its primary posture of cxtciisiou by an active return 
of tone to the extensor muscles. Flexor withdrawal of one limb is 
usually associated with increased extension of the other, the crossed 
extensor reflex. The excretoo* reflexes which nceomi»any para- 
plegia-in-flexion are absent, and (he motor concomitant of erection 
of the penis is extension instead of flexion of the lover limbs. 
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3. THE INNERVATION' OF THE BLADDER 
Anatomy and Fhysiolog)'. 

The sympathetic fibr^ to the bladder are derived chiefly from the 
first and second lumbar ganglia, with contributions ftom the third 
and fourth. Ihese fibres ultimately uoite to form the prcsacral 
nerve or superior hypogastric plexus, which hes in front of the 
bifurcation of the aorta. From this plexus are derived the two hypo- 
pistric nerves, each of which ends in a hypogastric ganglion on 
the lateral aspect of the rectum. The parasympathetic nerve-supply 
ftom the second and thud sacral nervea also joins the hypogastric 
ganglia. The sympathetic is mlu&itory to the detrusor muscle of 
the bladder and motor to the sphincter, while the parasympathetic 
produces the reverse effects. 

In infancy the evacuation of the bladder occurs reflexly, the reflex 
arc running through the sacral regiiBi of the coni. The dev elopmcnt 
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6f control over bladder evacuation is associated with the growth of 
inhibition of the evacuation reflex, the path of the inhibitory im- 
pulses running in the sympathetic, which maintains closure of the 
sphincter and inhibition of the detrusor muscles. At the same time 
it becomes possible voluntanij' to overcome this inhibition and so 
to' initiate the act of mictuntion, which is then completed reflexly. 
Thus we can recognize three nervous mechanisms controlling bladder 
function — the sacral reflex arc for evacuation ; the inhibitory influ- 
ence of the sympathetic ; and voluntary control overcoming the last- 
named and initiating micturition. 

The paths in the central nervous system traversed by impulses 
concerned in sympathetic and voluntary bla<lder control are imper- 
fectly known. The voluntary initiation of micturition usually occurs 
in response to an awareness of disCension of the bladder. The part of 
the post-central convolution lying at the vertex of the cerebral hemi- 
sphere is the cortical centre for sensations derived from the bladder, 
and the corresponding area of the precentral convolution is probably 
the site of origin of motor impulses initiating tlie act of mictuntion. 

Disturbances of Bladder Function. 

(1) Lesions involving the Sacral Reflex Arc. 

Since the sacral reflex arc is concerned in evacuation of the bladder 
its interruption usually causes retention of uru)e, which is produced 
by the unopposed action of the sympathetic. In tabes dorsalis the 
reflex is interrupted on its afl’erent side, owing to degeneration of the 
afl'erent neurotics. Lesions of the conus mcdullaris of the spinal 
cord interrupt the central fibres of the reflex. Lesions of the cauda 
equina, if they destroy the second and third sacral roots, interrupt 
both the afl'erent and tho efferent paths of the reflex and hence 
usually cause retention of urine. Even after severe lesions of the 
conus or cauda equina, however, ‘reflex’ evacuation of the bladder 
may develop, imder the influence of a more j>eripheral autonomous 
nervous mechanism, probably the vesical plexus. 

(2) Lesions of the Spinal Cord above the Conus Medullaris, 

Incomplete lesions of the spinal cord may affect principally either 

the inhibitory fibres dealing for the sympathetic outflow or tho 
fibres concerned in tho voluntary initiation of micturition. In the 
former case, the patient complains of dilficulty in holding urine, 
and micturition is precipitate. This is a common symptom in the 
early stages of disseminated sclerosis. Moderately severe but still 
incomplete lesions of tho spinal cord tend to impair voluntary control 
over micturition, so that retmition of urine develops, owing to un- 
inhibited action of the aympathetic. Retention of urine b thus 
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produced by spinal compreaaoa in its later stages, by transverse 
myelitis, and in tbe more advanced stages of disseminate<l sclerosis. 

After complete interruption of conduction in the spinal cord, 
either by transecUon or bj' severe transverse lesions, above the conus 
there occurs an enhancement of reflex activity in the distal portion, 
and reflex evacuation of the bladder may then develop through the 
agency of the sacral reflex arc. It may be facilitated by stimuli 
applied to the sacral cutaneous areas. 

(3) Cerebral Lesions. 

The fibres concerned in the voluntary initiation of micturition may 
be mterrupted at levels of the nervous system above the spinal cord, 
and retention of urine may then develop, usually in association vrith 
severe bilateral pmmidal lesions. Lesions invoR-ing the vertical 
region of the precentral cortex on both sides may in the same way 
cause retention of urine, as Foerster has shown, and impairment 
of function of this part of the cerebral cortex or of its descending 
paths is probably reoponsible for difficulty in micturition and reten- 
tion of mine, which are not uncommon symptoms of iotracranisl 
tumour and of diffuse cerebral lesions. 

:^s'octa^lal enuce&is io otherwise nonnal cluidreo probably arises 
in the first place as a result of delay in the envelopment of inhibition 
of refiex bUdder eracuatioa. Later, for psychological reasons, the 
child acquires abnormal conditioned reflexes whereby bladder 
evacuation continues to occur during sleep. Somettmes, however, 
enuresis in childhood is due to spina bifida occulta. 

Treatment of Bladder Disturbances. 

In the treatment of disturbances of the bladder function the 
underlying phyriological principles must, be borne in mind. When 
retention of urine occurs, adequate bladder drainage becomes necra. 
saiy, and steps must be taken to combat the risk of infection of the 
urinary tract. (Sec p. 61 1 for the care of the bladder in paraplegia.) 

In view of the fact that retention of urine is usually due to a 
relative preponderance of sympathetic influence, the action of the 
parasympathetic may be reinforced by drugs which stimulate its 
nerv6.endiDgs. Acetyl-cboline may be administered in dooes of O-l 
gm. intramuscularly or doryl in doses of 0*001 to 0*00t gm. by tho 
mouth for this purpo=e. 

IntcjmplioD of tb^sxwi^tiyciirsvjppij-’io fhe hUddar by .msccrion 
of the presacral nerve has been carried out in a small number of 
cases and good results arc claimed for this operation. Tho same 
operation has been employed to iotemipt pain impuLcs from the 
bladder in xiainful conditions such as inoperable carcinoma. 
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In cases of frequency of micturition or precipitate micturition due 
to predominant action of thq parasympathetic, diuga which paralyse 
parasjun pathetic nerve-endings are indicated and belladonna is use- 
ful m such cases. At the same time ephedrino may be employed to 
stimulato the s^unpathetic. Belladonna ow cs w hat value it possesses 
m the treatment of nocturnal enuresis to its inhibitory effect upon 
the parasympathetic. Drag treatment alone, ho%70Ter, is rarely 
successful in this condition and requires to bo combined with the 
education of reflex inhibition produced by suggestion, if necessary 
ui the hypnotic state. 

The Innervation or the Rectum 
Tho nerve supply of the rectum is identical with that of the 
bladdcr(q.v.] and micturition and defaccation arephysiologically com- 
parable except that in tho rectum vohmtary control is exerted over 
the external sphincter only and tho rectum lacks voluntary inhibition. 

After dcstniction of the sacral innervation of tho rectum auto- 
matic activity dependent upon a peripheral nervous plexus develops, 
the rectum coutracting and tlio sphincter relaxing in response to a 
riso of tension within the rectum. This reflex activity is rendered 
more massive and complete when tlio sacral innervation is intact, o g. 
after complete transverse division of tho spinal cord above tho sacral 
enlargement. Owing to the small force of the rectal contraction, 
however, it is at best not very elhcicnt and since the tone of the 
external sphincter is unaffeet^ by transverse spinal lesions tho 
tendency is for all disturbances of rectal innervation to cause con- 
stipation, though after complete transverse division of the spinal 
coni reflex defaccation may occur and may be facilitated by cutane- 
ous stimuli applied to the sacral cutaneous areas. 
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4. THE CARE OF THE PARAPLEGIC PATIENT 

The general management of a patient snffering from jiaraplegia 
requires much care and is of aa much importance as the correct 
treatment of the cause of bis disability, for his disorder renders him 
extremely susceptible to complications which may prove fatal and, 
even when less serums, may considerably retard recovery. 

Care of the Skin. 

In paraplegia the skin ia extremely liable to injuries which are 
slow- in healing and readily become ^ected. -A jiaraplegic patient 
should bo nursed on a water-bed, wbicb should bo kept filled with 
warm water. Caro should bo taken that the l>edclothc3 are warm 
and dry and free from rucks, and (hose in attendance upon the 
patient should be warned of tbe risks of a bum resulting if a hot- 
water bottle is placed in contact mtb tbe skin. Imperial care to avoid 
this will be necessary in the case of a patient who suffera from an 
uupainsent of sensibUity, The patient should be bathed daily, the 
akin being thoroughly cleansed with soap and water and carcfriUy 
dried. After this tbe back ia well nibbed with methylated spirit or 
eaU'de-Cologne and dusted with a dusting powder. To protect the 
bony prominences from pressure upon the tbe low er part of tbe 
back and hips may be padded with gaingee tissue. A small coaIuoii 
should be placed under tbe Achilles tendons. Tbe feet are seiiar* 
ated by a finn bolster, and small cushions are placed under the knee- 
joints. The w eight of the bedclothes ia taken from the lower limbs by 
means of a cradle. The position of the patient should be altered from 
time to time, and care must be taken that when he is moved be b 
not dragged across tbe bed, but is lifted clear of the bed, turned, and 
then replaced in the new position. ' 

Bed-sores are most likely to develop o\ er the bony prominences, 
especially the heel, the tuber ischii, the sacrum, and the great tro- 
chanter. To obtain the best results in their treatment, the dresaings 
should be frequently varied. The following are the most u&eful: 

A. Emoixiexts. 

]. OL Ricim 

TInct. Benzoim Co. hA 

2. Ungt. Zinei 

TInct. Beozoini Co. oS ^ 

3. Ol. Ricini 
Ungt. Zinci. 

4. Glycenm 

Tinct. Benzoim Co. £& 
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B. Stimulants. 

1. EuroI, 1 in 2,000. 

2. Liq. Aluininii Acctntis 2 per cent. 

3. Liq. Sodao Clilorinntae B.P. 

4. Foineiitationa. 

5. Liq. Argent. Nit. 1 or 2 jjer cent. 

6. Dry Gauzo. 

7. Lotio Rubra = Zinci Sulpli. gr. Ij. 

Tinct. Lavanduloo Co. HI- 10. 

Aq. ad | oz. 

The black blister is a form of bed-soro which is common on the heel. 
The serous fluid whicli it contains sliould bo aspirated with a syringe, 
but the skin covering it should be bft intact. If deep sloughs or 
gangrenous areas fad to rcsjiond to dressings, tiiey should bo scraped 
out with a Volkmann curette, and gangrenous skin edges should 
bo removed with scissors. 

Care of the Bladder and Rectum. 

When retention of urine occurs as a result of a lesion of the nervous 
system, cystitis almost mvanably develops. Retention of urine must, 
therefore, be treateil by some form of drainage of the bladder. In 
most cases this is best effected by catheterization A catheter must 
bo passed thrice daily or it may be tied in and changed every two 
or three daj's, the latter being in many cases the most convenient 
method. The greatest care must be taken that the catheter and all 
the vessels and apparatus employed are sterile, and the operator 
must be scrupulous in his observation of an aseptic technique. 
Before passing the catheter ibc glans penis and urethra should be 
washed with a 1 in 4,000 solution of oxycyanide of mercury. As a 
precautionary lue.’isuro, even in the absence of urinary infection, 
the patient should be given sodium acid phosphate in doses of 30 
grains thrice daily, in order to maintain the urine acid. Hoxamine is 
unnecessary. 

If, in spite of these precautions, the bladder becomes infected, 
20 grains of ammonium chloride or 45 grains of ammonium inan- 
dnlate should ba substituted for or eombiued with, the aaduim acid 
phosphate and given four times a day. The bladder will require 
to be irrigated at least once a day and in severe cases several times 
daily. A Higginson syringe may be used for this purpose, care 
being taken that not more than 6 oz. of fluid are introduced into 
the bladder at a time. The following solutions may be used for 
bladder lavage at a temperature of 105® F.: 
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^VITH AS -VLKAIJSE C\3Xtn3. 

1. Quiiuno sulphate, with &s much acid ns U nccc&saxj* to diiss^oh o 
it, 1 gr. to 1 oz. 

2. Oxycjiinida of mereuiy, 1 in 4,000. 

3. Salaratetl boricacid mixed will) cxjual qunntity of boiling uater, 
the resulting solution having a temperature of 103’ F. 

4. Acetic acid B.P, 

0. Bnlliant green, 1 in 2,000, followed by n wOsli-out with bone 
lotion, 

B. U’lTH AS Acid Ci'srms. 

1. Xormal saline. 

2. Potassium permanganate, 1 in 2,000. 

3. Silver nitrate, 1 in 2,000. 

4. Eusol, 1 in Ifl.OOO or 20.000. 

Iq severe and iatncisble cases o£ ej'stitis, cspecLtlly uhen comjili* 
cated by pjcUtis, continuous drainage of Ibo bladder by supra* 
pubic cystotomy may be necessary, irrigation being then carried 
out through the suprapubic opening. 

The constipation which is usually a troublesome complication of 
paraplegia should be treated by tho administration of an aperient 
at night, two or three times a week, and by u ashing out the rectum 
the nest day with an enema. In paraplegia the bou cl empties itaelf 
very slouly after an enema and 'leaking* may occur for an hour or 
more, a point which is important to bear in mind In order to avoid 
tbo bed becoming wet and soUed. If the rectum and large bowel aro 
allowed to become distended, siougbing of tho mucous membrane is 
liable to occiu’, and in any case abdominal distension cau&ca the 
patient serious discomfort. Such distemuon sliould bo treated by tbo 
administration of a turpentine enema, after which a rectal tube 
should bo left in position. A b}'po<!emiic injection of 1 c.c. of 
pitujtnn is often useful for dispelling gas by increasing the toneof 
the intestinal muscle. 

Sweating. 

Severe lesions of tbo spina] cord are frequently followed by 
eaccasivo sweating over the loner part of the body. A moist skin 
increases tho risk of bcd.sorcs. Since sweating is excited rcOcxIy, tbo 
parai^-sed parts should bo bandied as seldom and as gently as possible, 
and the u»e of a cradle to keep the bcclclothes from contact w ith tlio 
body also assists in diminishing the stimulation from whicii sweating 
results. Nocturnal sweating may bo diminislicd by giving either 
liquor atropinae, iq. 2, in water, orext. bclUdoonocsIc. gr, j, as a pill, 
before tbo patient settles down for tbo night. 



THE CARE OF THE PARAPLEGIC PATIENT CIS 

Muscular Spasms. 

Iiivoluntarj’ »pasiii(Kiic inovcmcnta of tho lower lunbs aro a 
troublesoino and intractablo symptom in many cases of paraplegia. 
Spasmodic extension may occur when extension is the predominant 
attitude of tho lower lunbs. Si>asmodic flexion, which is encountered 
in paraplogia-in-flexion, is much commoner Flexor movements are 
rt'llcxly cxcitcil by moving contact of the lower limbs with tlio bed- 
clothes, a sliglit mov ement of the limb being suiTicicnt in many ciises 
to excite a violent flexor spa.sm. As far as possible contact of tho 
limbs with tho bedclothes should bo reduced. Light nnissago and 
a warm bath at bc<l-timo frequently have a sedativ o ciTcct, and tho 
spasms maj’ bo diminished in frequency ami hoverity by tho use 
of fcodativo drugs, such as phcnobarbital, gr. j. Hyoscino hydro- 
bromide, gr. 1/loUtii to 1/lOOth, ntbiiinisteicd hypodermically, is 
sometimes of value. 

When thcro is no ho|>e of recovery and tho bladder is already 
paralysed flexor spasms may bo relieved by the intrathecal injec- 
tion of alcohol. 
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5. INJURIES OF THE SPINAL CORD 

Aetiology, 

Tho spinal coni may bo injured directly by penetrating wounds, 
for example, stabs or gun-shot woumU, in which case it may be 
jicnctrated by a mis-sile or by fragments of bone. More frequently 
in civil life it suffers indirectly aa a result of injuries of tho vertebral 
column, either fractures, dislocations, or fracture-dislocations. The 
commonest sites of spinal injury in civil life are the lower cervical 
region and tho thoraoico-lumbar junction. Tho upper cervical region 
suffers next in frequency (Jefferson). Though tho spinal colunm may 
bo injured as tho result of a blow leading to fracture at tho site of tho 
insult, more frequently itisinjuredby transmittal violence. Forcjblo 
extension of the neck may cause fracture of tho odontoid process, 
but most spinal injuries aro tho result of forcible Heiion A blow on 
tlie head which does not expend its violence in fracturing the skull 
may, by forcibly flexing tho cervical spmo, cause dislocation in tho 
lower cervical region. Blows upon the shoulders, such as are caused 
by heavy objects falling from a lieiglit, cause forcible flexion of 
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iLc lower part of tho spine, which usually j-ieliU at the tlioradco- 
lumbar junction. This tj-pc of injury is pnxiuced thicfly by in- 
dustrial actidenU. Fr.icture-Uislocation 15103' sirmiarly result from 
the jutient’a falling from a height on to tho feet or buttock.'?. Lifting 
a hca\y weight, falls, and strains may cause displacement of an 
mterrertcbral disk (see p. G34). 

Tlic spinal cord maj* be injured in tho infant during birth as a 
result of Tiolcut traction. Such injuries may arise in three wajs. 
Traction on the head maj* cause dislocation of the upper cervical 
spmc, which U nsuaU^’ immediately fatal. Traction sejiarating tho 
head and shoulders, b}* exerting tension on tho brachial plexus and 
ccnical spinal roots, maj' injure the spinal cord as well as producing 
a brachial plexus pihj*. In addition, violent traction, especial!}' In a 
breech presentation, ma}* cause fracturc-dialocation in tho thoracic 
or lumbar regions. 

Spontaneous fracture-dislocation of the spine may occur when the 
xcriebrae are diseased, for example, in tnbcrculoiis caries or neo- 
plasm of the \ crtcbral column. 

Pathology. 

'Cvneiution of the spinal cord’ U the term cmploccd when tho 
coni Ls injured by transmitted vioicitce without fractnru or dislocation 
of tho vertebral column, eg. by tho ]vv«agc of a bullet near tho 
spino without penetration of the dura. The axis cylinders are 
broken up but the mjcliii sbeatlis remain intact. Spina) coN/u»i</n 
is dcfincsl as bruNing of tho cord without nipturu of the pia mater, 
rcbultmg from coinpre^idon. Tlio contused cord is awollen and 
exhibits Hinall haemorrhages. Holmes li-is described tho formation 
of cylindrical cavities extendmg upwards ur duwnw.ird8 for several 
segments, usuall}’ situated in the ventral part of tho dorsal 
columns or in the dorsal bora of grv}* matter, and iillcd witli 
brownUh, gelatinous material, ^licroscopically, besides oedema 
and haemorrhages the contused cord exhibits swclhng of tho axis 
cylinders and dUIntegmtion of their myelin shcatlis. In sevirc 
coaos both completely disappear ai»d tho coni may bo markidly 
Aoficneil. il'wvnding and docemluig degi'iienitiuii of tho long traets 
follows tho focal Ic«ion. t/icenUion of the eonl implies an injury of 
greater severity than contusiou, leading to nipture of thu jiia nwter 
and in the most m;\crc rases the cord is completely tr.m.wttLHl. 
When a wound {x.-netrati's the dura mater, meninptU U liable to 
occur 08 a compli(.-ition of spinal injury. Rupture of the pia in such 
ca.«c3 increa«'.s the risk of myelitu dc\eIoping. Iiijiiru-s of the 
xertebral column damage the spinal roots as they through the 
inUra crtcbral foramina. 
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Symptoms. 

The symptoms of spuial injury depend upon the se\erity and 
situation of the lesion. Injury to the cord docs not necessarily 
follow damage to the vertebral column, for example, dislocation of 
the cervical spino without injury to tho cord is not rare. An injury 
to tho cord in the upjicr cervical region is usually rajndly, if not 
immediately, fatal, since it causes paralysis both of the diaphragm 
and of tho intercostal muscles 

Complete mtcrniptiou of the .sjtinal cord loails immctliatcly to 
flaccid paralysis with loss of all sensation and most reflex activity 
below the site of the lesion, and |iaral 3 'sis of tho bladder and rectum. 
Jluscular paralysis and sensory loss aro irrecoverable, but, as after 
from one to four weeks the stage of spinal shock passes off, reflex 
activity develops in the dirided portion of tho cord and tho patient 
presents tho picture of paraplegia-m-flexion , see p. 604. For the 
motor symptoms of spinal interruption at different lovcis, see p. 631 

Lesions of tlio cord less severo than complete interruption such as 
spinal contusion may lead to an equally severe imnn^iato distur- 
banco of function, or symptoms may increase in severity for several 
days pan passu with tho development of oedema in tlie cord Slight 
spinal injuries cause motor symptoms of incomplete division (see 
p 604) witiiout complete sensory loss, or, if the injury is limited to 
one.half of tho cord, a partial or complete Brovvn-Sequard syn* 
drome (see p 32). Spinal concussion may cause temporary complete 
paraplegia with sensory loss mainly of the posterior column type. 

A spinal injury wincli causes little or no damage to the cord at the 
time of its occurrence maj' lead to the development of spinal symp- 
toms after a lapse of yeare. Gradual spinal compression may occur 
as a result of localized vertebral collapse (Kumtuel's disease) or of 
ostcoarthritic changes, though in both cases spinal roots are com- 
pressed more often than the cord itself. Gradual interference with 
spinal function may also result from localized adlicsive arachnoiditis, 
which is sometimes a late sequel of spinal injury, or even m tho 
absence of this probably as a result of slow degeneration of the 
arteries of the cord. 

Injuries of the Cauda Equina. Fracture-dislocation of the spine 
bc^ow the first iuiabur viattAaa damages ordy the roots of the cunda 
equina. In civil life unilateral injuries of the cauda are rare, though 
the severity and extent of tho injury may differ on tho two sides. 
Paralysis of the bladder, rectum, and sexual functions immediately 
follows the injury. Tho motor, sensory, and reflex disturbances are 
similar to those more gradually produced by slow compression of 
the cauda equina and are describe on p. 633. 
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Diagnosis. 

The diagnosis is usually obvious, theonly question being the nature 
of the injury to the cord. K Queckcnstedt’s test jielda no e%-ideijce 
of bpinal block it tuay be a.ssumed that the cord is not being com- 
prcbUd. Haematomyclia niay foUoir a slight injury but is charac- 
terized by damage to the central grey matter predominantly, leading 
to atrophic paralysis, analgesia, and thenuo-anaesthesia at the level 
of the lesion. 

Prognosis. 

The prognobia of a severe injury of tlie spinal cord is alwaj a grai e. 
If the respiratory muscles are not immediately ^ 

jiatient survives the stage of shock, death may occur from urinary 
or cutaneous infection, or, in the case of jicnctrating wounds, from 
meningitis or mj cbtis. Nevertheleia, erpcriencc of tho results of >rar 
injury of thesjunal cord showed that it is jmssible fora patient with 
a completely divided cord to retain good general health mdc&nitely 
under careful supervision. When the cord has been mconipletcly 
divided, the prognosis is better, but, in the absence of infections of 
the bladder and skin, tho limit of functional improvement will bo 
reached when the shock has jiasscd off, usually in fWm one to two 
months after the injury. After spinal concussion recovery is usually 
good though some abnonoat physical signs may remain. The prog- 
nosis of cauda equina injuries is better than that of injuries of the 
cord itself, sinco the roots of the cauda are capable of regeneration. 

Treatment. 

The scojic of surgery in the treatment of injuries of the spinal cord 
has been much discus^ and tho modem tendency in this respect is 
consen'ativc. It has to bo recognized that in moat cases the maximal 
injury has been produced at the time of the accident and tho condi- 
tion of tho cord is both non-progresbive and irrc2iarab!e. Moreover, 
for several weeks after tbe injury spinal shock may render it im/xis- 
sible to decide whether intemiplion of tho cord is complete. When 
there is reason to believe tbat the cord has been completely divided, 
surgery catmot accomplibb anything, and open ojwmtion is Qonlru- 
in<bcatcd by tbe presence of local sepsis, visceral comiilicalions, and 
secondary infective conditions. On the other hand, when there is 
radiograiihic evidence of gross bony deformity or of the presence of 
a foreign body in the spinal canal and clinical examination indicates 
that the cord has not been completely divided, and wheu in such 
coses recovery of function haa begun but has become arrested, 
surgical intenention offers tbo hope of relieving compression or 
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cicatricial contraction, which may bo retarding rccorery. In such 
eases an exploratory laminectomy is indicated, and tliia may also bo 
required to deal with severe persistent root pains, duo to compression 
of posterior nerve-roots. The scope of manipulative reduction of 
vertebral deformity in cases of spinal injury is not as jet defined, 
but tliis procedure may sometimes be indicated as an early treatment 
of cases of incompleto division follouing vertebral injury when the 
surgeon can feel sure that it entails no risk of increasing tho severity 
of the damage. In cases of injury of tho cauda equina the most that 
can bo hoped from operation is the relief of pressure which may bo 
retarding regeneration of the roots. Tlio general management of cases 
of injury of tho spinal cord and cauda equina is described in the 
section, ‘The care of tho paraplegic patient’ (see p. CIO). 
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0. HAESIATOMYELIA 

Definition: Tho terra ‘haematomyelia’ implies the occurrenco of 
Weeding witiim tiio s-aVisUmto oE the coid. liatmoiihagt-s 

occur within the cord in a variety of pathological states. Petechial 
haemorrhages are found in acute inflammatory conditions, such as 
acute anterior poliomyelitis, in toxic states, in blood diseases, especi- 
ally those accompanied by purpura, in asphyxia, and as a sequel of 
sever© convulsions. Haemorrhages also occur as a result of injury, in 
spinal concussion and contusion, as well as laceration of the cord 
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follo^^ing fi-acture-dislocation of tlie spine and the penetration of the 
spinal canal by bullets. The term ‘hacinatomyclia’, however, is 
usually resen’Cfl for a focal extravasation of blood within the spinal 
cord occurring in the absence erf any of the conditions already men- 
tioned. 

Aetiology. 

Haematom^ elia in the sen^e just defined may develop in the 
absence of any discoverable exciting factor. Xot uncommonlj’, 
however, it follows an event which maybe supposed to have expos^ 
the spinal cord to transmitted violence, though this often seems 
slight in proportion to the severity of the resulting symptoms. 
Forcible extension of the cervical spine following a blow on the 
head maj' precipitate baematomyclia and it may follow* diving, again 
probably as a result of sudden extension of the neck. Blows on the 
spine and falls are sometimes held responsible. There is evidence 
that possibly a congenital abnormality, for example an intramed- 
ullary angioma, may sometimes be a predisposing factor, and spon- 
taneous haemorrhage into a syringomyelic cavity may occur. 
Haematomyelia usuaUy occurs in early adult life, and males are 
more frequently affect^ than females. 

Pathology. 

The cervical enlargement ii the commonest .site of haemorrhage, 
and haemorrhages el^where are rare. The bleeding occurs primarily 
m the central grey matter and tends to spread upwards nod do\rn- 
wards, assuming a round or oval form, according to its longitudinal 
extent It may extend into the white matter, but usually this 
suffers from compression rather than from direct mvasion by the 
haemorrhage. At first red, the haemorrhage m the later stages 
becomes brown and may finally be represented by a cystii^ cavity 
containing yellow fiuid. Surrounding regions of the coni cxiubit an 
infiltration with compound granular cells and glial reaction. There is 
destruction and disappearance of the ganglion cells of both anterior 
and posterior horns of grey mailer at the site of the haemorrhage 
and some degree of ascending and descending degeneration is usually 
found in the tracts of the w bite matter. 

Symptoms. 

The OTiset of simptoma is mvaJiyrapnily progresaive, though after 
an mjujy there may be a sudden impairment of function of the spinal 
cord, followed later by a progreasivo increase in sjTnptoma. Some- 
times the onset is more gradual and the sj'mpton'is may increase in 
severity over a period of several days. Since the cervical enlarge- 
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ment is tho commonest site of haemorrhage, symptoms of a lesion 
in this situation will alone be desenbed in detail. In some cases the 
patient comj)lains at tho onset of severe pam in tho neck radiating 
doH n one or both upper limbs. In other eases pain is absent, but there 
may be paraesthesiae, such as numbness and tingling. Muscular weak- 
ness rapidly dev elopa It is usually most marked in the upper limbs, 
one of w bich may suffer more than the other. In the upper limbs the 
paral3-aia is due to destruction of the anterior horn cells and hence 
is associated with muscular atrophy and diminution or loss of the 
tendon reflexes. It may be limited to the muscles innervated bj' the 
upper segments, cervical 5 and 6, or by the lower segments, cervical 
8 and dorsal 1, of tho cervical enlargement. Below the level of the 
haemorrhage the motor symptoms are thoso of spastic paralysis 
which may be slight or sever© in the lower limbs and may affect the 
two sides unequall}'. 

The most prominent sensory changes are due to destruction of the 
sensory fibres in tho grey matter of tho cord at tho level of the 
liacmorrhage. When tins extends into the posterior horns and 
destroys the ganglion celts, all forms of sensibility will be impaired or 
lost over the wholo or part of tho upper limbs. Wlicn the destruction 
is limited to tho region of the posterior grey commissure there is 
no disturbance of appreciation of light touch, posture, or passive 
movement, but analgesia and thermo-anaesthesia occur over several 
segmental cutaneous areas below the upper level of tho haemorrhage, 
which interrupts the fibres subserving these forms of sensibility at 
their decussation. It is not uncommon to find some impairment of 
appreciation of pain, heat, and cold, over tlie trunk or lower limbs on 
ono or both sides, owing to compression of the spino-thalamic tract. 
Postural sensibility may be impaired in the lower limbs, but not 
as a rule to a severe extent, owing to compression of the posterior 
columns. 

The tendon reficxes effected by muscles which are tho site of 
atrophic paralysis are diminished or lost. Those of the lower limbs 
may bo exaggerated, but I havo known them also lost in cervical 
haematomyeha, probably as a result of damage to tho vestibulo- 
spinal tracts. Tho abdominal reflexes are diminished or lost and the 
plantar reflexes are extensor when the pyramidal tracts are damaged. 
Sphincter disturbances are usually proportional to tbo severitj’ of 
tho paraplegia. 

Dorsal and lumbar baematomyclia are characterized by* the 
rapid development of more of less complete paraplegia and sensory 
loss below tho level of the lesion. Retention of urine is common. 

The cerebro-spinal fluid may bonmtnal or may show an increase in 
its protein content, with or without xanthochromia. 
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Diagnosis. ' _ 

Apart from traumatic lesions, there is no condition in ^\hicU a 
lesion of the spinal cord develops so rapidly as in haematomyelia. 
The onset of transverse m3’elitis is subacute rather than acute, and it 
IS often preceded for days or even for u eeks by pains in Use spine. It is 
often associated with mflammatoiy changes in the cerebro-spinal fluid 
and when, as in most cases, it is syphilitic in origin, the Wassermann 
reaction m the fluid and probably also in tlie blood w lU be positive. 
Acute anterior poliomjelitia can be diflercntiated from haemato- 
mjelia by its more gradual, febrite onset, bj' the wide distribution 
of the atrophic paraly'sis, by the absence of sensor^' loss and of 
pyramidal lesions, and bj’ the occurrence of a pleocytosis in the 
cerebro-spinal fluid. Haemorrhage into a syringomj-elio cavity con- 
stitutes a form of haematomyelia which it is imjiortant to recognize. 
The pre-existence of ayringomj'elia may bo suggested bj' a history 
of c^'anosis, painless injuries or trophic lesions of the fingers, and by 
the presence of bulbar s^miptoms and of associated abnormalities, 
such as Ecolioaia. 

Prognosis. 

The mortality rate is low, and most sufferers from haematomyelia 
survive. Death ma}* occur from upward extension of the haemor- 
rhage leading to paral^'sis of the diaphragm, through involvement of 
the spinal origin of the phrenic nerves, or from infection of the 
urinarj' tract or other complications of paraplegia. In patients who 
survive, considerable improvement maj' bo expect^. Atrophio 
paralysis and sensory loss due to destruction of the grey matter are 
permanent, but even these dimmish in extent, as recover^' occurs 
in ganglion cells and fibres which have been compressed but not 
completely destroyed. A steady improvement may be expected in 
the power of the lower limbs and in many cases this may return to 
normal, though exaggeration of the tendon reflexes and extensor 
plantar responses ma>' persist. When hacmoirhage has occurred into 
a sj-ringomyelic cavity,, much less improvement in the immediate 
sj-mptoras can be expected and the prognosis is that of syringorajclia. 

Treatment. 

Complete rest is essential as long as the haemorrhage continues. 
It is doubtful if any special posture is of i alue. An icebag maj* be 
applied over the region of the spinal cord affected. Morphine should 
be given, as it is probablj' the most valuable drug in the treatment of 
haemorrhage. Vaso-constnclor drugs should be avoided, since they 
tend to raise the blood-pressure, but the various preparations 
which are designed to increase tlie coagulability of the blood 
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may bo of value. Potassium iodido in doses of 5 to 10 grains may 
promote tho absorption of tho Iiacmorrhago and may bo combined 
uith magnesium suipbato in ^-drachm doses for tho relief of oedema 
of tho cord. When paraplegia is present tliis Mill require appropriate 
treatment. Two Moeka after tlie onset massage and passive move- 
ments of tho upper limbs may safely be begun. 
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7. COMPRESSION OF THE SPINAL CORD 
Aetiology and Pathology. 

Compression of tho spinal cord may bo due to: 

Disease of the Vertebral Column. Tho commonest of such diseases 
leading to spinal compression are tuberculous osteitis (Pott’s disease) 
and secondary carcinoma. Less frequent causes include primary 
neoplasms arising from vertebrae, such as sarcoma, myeloma, 
osteoma, and chondroma of an intervertebral disk, and other forms 
of Osteitis, such as syphihtic osteitis nnd osteitis defomtans of Paget 
Tho cord may occasionally be compressed by prolapse of an inter- 
vertebral disk at any level or as a result of erosion of vertebrae from 
without by sarcoma, or by aneurysm of the aorta. Compression due 
to vertebral injury is desenbed on p. 613. 

Intraieriebral causes of expression, include extradural abscess, 
pachymeningitis due to syphilis, tuberculosis, or exceptionally to 
pyogenic organisms, infiltration of the meninges Math Hodgkin’s 
lyanphogranuloma and leukaemic or chloromatous deposits, menin- 
gitis circumscripta serosa, parasitic cysts, such as the echinococcus 
and cysticercus, and extramedullary and intramedullary spinal 
tumours. 

(1) Vertebral Disease. 

(i) Tuberculous spinal oMeitis usually occurs in children and young 
adults but no age is exempt. The infective process generally begins 



622 DISORDERS OF THE SPINAL CORD 

in the body of tho ^c^teb^a, and sptrading to .-vdiftL-cnt bodicu Icada 
to fbcir collapto and to prodiii-ca an angular deformity of the ajnne. 
It is raro for tbo deformity oa such to bo on important factor in 
compre!>8ion of the apinal cord, uliich U more frv<iiiently duo either 
to an extradural tuberculous abscess or to tubcrculoud p.ichymeniu. 
gitis. In addition to actual compression of tho cord, which may, 
howcNcr, be absent, intci^erenco with tlio vascular supply ofsubjaccnt 
segments, cither by comprcndon of Kulicular arteries ot endartenth, 
IS an important factor in tho production of jfcirnpicgia. Paraplegia 
occurs in about 11 per cent, of {>atienta with Pott’s disease, mmally 
within two or three years of tho onset, but in soiuo cases after many 
jearsofapparent quiescence. Thodomal cord Utommonly aOected. 
Syphilitic spinal osteitis U a rare cause of spinal compression aud 
pr^uecs effects similar to tho»o of tuberculous (aries. In Paget’s 
osteitis deformans softening and colla|i»o of VTitebrae occur without 
abscess formation. 

(li) ycopUuru of the VcrIel/ralColutnn. Secondary carcinoma is the 
commonest Tcrtchral ticopiaacn. It is rare before tho ago of il.). Tho 
primarygrovrtb is moatfrequcntIyMtu.atcd within tho breast, thjToid, 
prostate, or lupg, less frequently in tbo uteru.*, stomach, hidney, or 
elsewhere. Althougli tho \crtcbral met.ist.isis may bo blooibbomc, 
tho spine is not uncommonly imolveil at tho same M-gmcntal loicl 
as tho primary* growth, which in such coses prob-ably reaches it via 
the perineural lymphatics. Tho carcinomatous dc]x:»its croilo tho 
spongy portions of the vertebral bodies, which fimally collajibO. Tho 
spinal cord may bo comprcs^cd as a result of tho spinal deformity or 
by an intravcrtebnil extension of (he growth. Csually the spinal 
roots arc compressed ixirlicr and more severely than tho cord itself. 

Sarcoma may arise from a vertebra or invado tho .ipinal column 
from a neighbouring tissue. MycIotn.v luually arises simultaneously 
in numerous vertebral bodies and fiequeiitly ttUo in other bones, 
especially’ tho nbs. Eroedon of vertebral bodies Icails to collapse. 
BcDCC'Joncs proteose is found in tlic urine. Osteomas and cLondro* 
mas are rare tumours which msually arise from tho posterior part 
of a vertebral body or on intervertebral disk and licnco compress 
the cord anteriorly. Deposits of Hodgkin’s lympliogninufoma and 
Icukaemic metastascs usually infiltrato tfio dum mater extensively' 
on its outer surface but may occasioiuiliy invade tbo coni itwJf. 

(2) Sphuil Tumour. 

Spinal tumours are conveniently divided uito oitradural and 
intradural growths, the latter being further subtUvided into tho'O 
arising outside the spinal cord — ex(tamcduifary tumours, and witiiin 
the cord — intramedullary tumours. Excluding secondary carcinoma 
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of tho vertebrae Elsberg (1925) found that 10 per cent, of spinal 
tutnonrs %^ero extradural, 67 per cent, ucro extramedullary, and 14 
jxjr cent. Mere intramedullary. 

The origin and nature of extradural tumours have been described in 
the previous section. The histology of intradural spinal tumours is 
less advanced than the study of tumours of tho brain, and there is 
therefore httlo agreement as to their classification. Tho commonest 
extramedullary tumours are cndotlichomas and neurofibromas. 
According to Antoni tho latter aro twice as common as the former, 
while m Elsbcrg'a series the fonucr were two and a half times as 
frequent as the latter. Neurofibromas usually ariso from spinal 
roots, tho posterior more frequently than tho anterior. Tljey may bo 
single or multiple and may or may not bo associated with genera- 
lized neurofibromatosis. Endotheliomas may arise cither from spinal 
roots or from the meninges. Sarcoma may bo either localized or 
diifuso. Psammoma is probably a calcified endutholioma. Lipomas 
occasionally occur. Cliordomos aro rare, malignant tumours arising 
from a remnant of the notochord. Spinal cho^lonm3 are almost 
invariably situated in tho sacro-coccygcal region. As Cairns and 
Russel bare recently shown, metastatic deposits from all forms of 
cerebral glioma may infiltrato tho spinal meninges. Exceptionally 
an extramedullary tumour may grow out tlirough an intervertebral 
foramen, thus adopting a dumb-bell shape. Tho extraspiiial portion 
may bo palpable. 

Kcmolmn and others, who have recently investigated tho histology 
of intramedullary spinal tumours, claim to Lave recognized varieties 
corresponding to most of the ccrcbml gliomas. Forty-two per cent, 
of intramedullary tumours, accordmg to these authors, are ependy- 
momas, and tho remainder includes s[)ongiohlastomas, astroblasto- 
mas, mcdulloblastonias, oligodendrogliomas, ganglioneuromas, and 
hacmangioblastomas. Angiomatous malformations occasionally 
occur and may iiavo a considerable longitudinal extent Leukacmic 
deposits may occur w ilhin the cord and gumma and tuberculoma are 
occasionally found. Spinal tumour may arise as a complication of 
BjTingoinjclia. Cavitation, however, may occur within a spinal 
tumour or in tho adjacent region of tho cord. 

Both sexes are equally liable to spinal tumour, whicli may develop 
at any age, but in over 80 per cent, of cawa symptoms first appear 
between the ages of 20 and 60, The tiioracic region of the cord is the 
commonest site of extradural and extramedullary tumours, tho lower 
cervical of intramedullary tumours. Approximately two thirds of 
extramedullary tumours aro situated on the dorsal or dorso-Iatcral 
aspects of the cord and approximately onc-third on the ventral or’ 
ventro-lateral asiiecta (Elsberg). 
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(3) Mcningaii InJlamtiuUion. 

Spinal compression may be doe to jiacbj'meningitis. This rare 
condition is sometimca syphilitic hut may be metastatic from a 
pyogenic infection leading to epidural abscc^. Tuberculous pachy- 
meningitis occurs as a result of extension of infection from tuberculous 
Osteitis. The condition knoira as meningitis circumscripta serosa or 
odlicftive spinal arachnoiditis is not completely understood. Ad- 
hesions are found between tho Icptomminges and may bo circum- 
senbed or extensive. Occarionally they enclose enej'sted collections 
of ccrcbro-spinol fluid. Infection, including s^-philis, and spinal 
trauma may play a part in aetiology. .iVltliough adhesive arach- 
noiditis interferes with the functions of the coni, spinal coinprc&don 
probably Phil's little part in its ill cdccts. 6't^hcy con-siclcre that 
the cord suffers from being anchored by the ailhesious, as a result 
of wliich its normal movements on respiration produce repeated 
small traumas. Tho blood supply of tho coni aUo is impaired. 

(i) Panuytic CysU. 

Echinococcus cysts arc not uncommon causes of spina] compres- 
sion ia some countries. They are usu.tlly extradiirsL Cjsticereus 
cysts arc also occasionally encountered. 

EJfccU of Compr6Mion vpon tht Cord. 

Spinal compression, however produced, afrcct.s the coni in several 
ways. Direct pressure interferes with conduction in the spmal roots 
and in tho cord ithclf. X're&surc upon tho ascending longitudinal 
spinal veins Ic.-ids to ocdem.i of tlie cord bcloir the siteof compression. 
Compression of tho longitudinal and radicular spinal arteries lcad.s 
to i&cbacmia of the sogmenU of tho coni wliicb they supply. These 
vascular disturbances cause local ocdeni.-t of tho cord with degenera- 
tion of the ganglion cells and of tho white matter. ^Vnos of soRcning 
may develop — »o called conipres-don myelitis. Finally, obstruction 
of the subarachnoid space causes lociiUtion of the cercbro-spinal 
fluid below the point of comprcs.s(on and leads to chankctcristio 
changes in its cempo-sition. 

Symptoms. 

Tho symptoms of compression of Iho spinal coni differ to some 
extent according to whether thcsourif of compression is cxtnulural, 
extramedullary, or mtranictfuQaiy and according to its segmentaf 
Icicl. Tho frequency, however, with which It is iinposaiblc to 
determine the relationship of the site of compression to the cord 
before operation indicates tho Euuiliiiity of tho symptoms produced 
by jiressurc arising in difTcrcnt bituations. It will bo eonvenient. 
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tlicrcfore, flrst to dcscribo Iho general sjTH])loins of sjiinal compres- 
sion anil then to discuss how II103’ may ditTcr according to tho site 
and segmental lc% el of tlio lesion. 

Mcxle 0/ Onset. 

Tho onset of symptoms is usually gradual, especially Mhen they 
aro duo to a spinal tumour, but is moro rapid in carcinoma of tho 
vertebral column. In Pott’s diacaso it is usually gradual but para- 
plegia may develop acutely. Approximately two-thirds of sufferers 
from spinal tiunour como to oj>cration bctuccn tho first and second 
jeara after tho onset of symptoms. Sometimes tho interval is con- 
siderably longer. Tho first symptoms aro usually sensory, the com- 
monest being pain radiating in tho distribution of one or moro spinal 
roots. Hoot pains aio usually bcvcro in vertebral collapse from all 
causes and in paclijiucningitis. In tho caso of spinal tumours they 
aro most frequently cncountcroil when tlio tumour is extramedullary 
and least in intramedullary tumours. Tho pains may be unilateral or 
bilateral and are frequently described as buroiug or constricting and 
may bo associated with soreness of tho skin and tenderness of tho 
deeper structures. They aro often intensified by movements of tho 
spine and by coughing and sneezing, and tiicy may bo temporarily 
relieved by changes in posture. Pain in tho back is not uncommon 
and is especially frequent in tho ease of tumours of tho cauda oquma 
and in malignant discaso of tho vertebral column. Compression of 
tho spino-thalamic tracts may cause pain of a peculiarly unpleasant 
character referred to distant parts. Thus pain in a lower limb may 
bo a syiiiptom of compression of tho cervical cord. Paracsthesiao rnay 
also bo produced bj’ compression of tho ascending sonsorj' tracts and 
take tho fonn of numbness, coldness, or a sense of weight m the limbs. 

Jlotor BjTnptoms usually develop later than sensory. Weakness, 
stiffness, and unsteadiness of a limb may occur. ^Micn tlie cervical 
cord is compressed the order in which the limbs are affected is 
usually, as Elsbcrg points out, first one upper limb, then tho lower 
limb on tho samo side, next tho opposite lower limb, and finally tho 
opposite upper limb. When the compression is situated below tho 
cervical enlargement motor symptoms aro confined to tho lower 
limbs, one Mswaily becoming v.tak boCoro \bo oUmT. ExccptVoTiaiiy, 
paraplegia rapidly develops. Sphincter disturbances axo usually 
lato in appearing, even in tho case of tumours of tho conns niedullaris 
and cauda equina. 

Motor Symptoms. 

Compression of anterior roots or of tho anterior horns of 
grey matter leads to a progressive lower motor neurone lesion. 
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cLuractcrizcd by ucakscsa, vasting, and ftbrillation of the niiisclcs 
innervated by the afTected bcgmcnta. These syniptoina are moot 
conspicuous when the cervical or lumbo-sacral rrgionsaro compressed. 
Wasting of the intercostal muscles is similarly produced by n lesion 
of the thoracic cord. 

Compression of the p^Tamidal tracts causes s]>astic ucakuoas of 
the muscles below the level of tlie lesion. One sido of tbo bu<ly is 
frequently invoh cd before the other, but later 8{ustio paraplegia-in* 
extension develops and as interruption of conduction in tbu cord 
becomes comxilcto this gives place to {jarapIcgia-in-Uexion. 

OZyerfite Stnaory Changu. 

Compression of posterior spinal roots at the level of the losiun 
causes lijjicmcsthesia and hyjicralgcsia of the corTCs[)onding cutane- 
ous ureas. Anaesthesia and analgesia may follou', though ouing to 
overlapping of the cutaneous supply of adjacent txwts, tliis will not 
be detected unless mom tlian one root is involved. Compression of 
the long ascendutg aonsory tracts leads to unjv'vinucut of seitsibility 
in distant p<irts of the b^y. Several fonns of dissocUteil sensory 
loss areencountcrc<l. Compresalott of tbe ^pillo•thalamlo tract causes 
im|»inncnt of appreciation of {>aui, heat, and cold on the opixisito 
side of tbo body, but owing (oa Umiiiation of tbo librvs of ihu tract 
certain cutaneous arc.'U may escape. Tlaia it is common (u find 
sensibility tiniiii paired over tbo areaa supplied by tho sacral segments 
of thu cord. Less fmiucntly ilio uacml segments iiru alToctcd early, 
but an area of nomul cutaueousscnsibility intervenes between them 
and on area of sensory lo&s at a higher level. Tho upper limit of iho 
area of analgcahv and thrimo-nnaestheda U frequently sevemt seg> 
menta below the level of thu lesion. TliisdLscreixuiey occiim w lien the 
up{icnuoat sensory fibres coinpreusctl in tbeconJaro tbOM! vtbich bavo 
decussated several segments below. It is cxceptiuiidl to find th.it 
appa-cUtiun of {uin, heat, and cold is airected to an cqti.il extent. 
Nut unconiinonly cold is still felt over an area which is aiuesthctio 
to heat, and soinetuiies a cold object, thuuuh not recognirctl cold, 
evokes an unplcaMnt |uinful sciisatiuii. C'uUneous anae»lheiia to 
light touch is frcijuently absent until the late stages, prolubly on 
account of the bilateral path of librta subserv ing this form of sensi- 
bility. Appreebtion of i«osturo, |Masivu moccincrit, and of vibration 
IS imi>airvd to a variablu extent niwl frequently more upon one sido 
tlian ujion tho other. Although ih&c forms of stiisibUity, which 
de{iend ujion tho integrity of the pue-tcTiur columns, are hkely to las 
afTecUd early when the source of cotiiprcMinti is jicwteriorly eitimtcd, 
they frccjiicntly nlM> sulTsr wheo the cord is tvmprv.socd from in 
front. 
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Tenderness of the spiiio on pressure or percussion may arise in 
two ways. When TCrtebrao are diseased or subjected to erosion by a 
tumour, their spinous processes are likely to be tender. Wlien the 
vertebrae are normal, however, compression of the spinal cord or 
posterior roots may load to tenderness of the spines of the vertebrae 
imiervated by tlio segments affected. In the latter case the tender 
vertebra is not neccssanJy the one overlying tlie lesion, but is often 
situated at a low er level, since the segments of the spinal cord do not 
correspond with the vertebrae in which they are situated (see below). 
tVlien the cervical cord is compressed, flexing or extending the 
cervical spine frequently causes pain, numbness, or tingling, radiat- 
ing into the regions innervated by the affected part of the cord. 
This 8}nnptQm may occur botli with extramedullary and intra- 
medullary tumours. 

The. Refezea. 

Compression of the spinal cord at a given segmental level leads to 
diminution or loss of reflexes when the central portion of the reflex 
are passes through the segment affected. When the pyramidal tract 
is simultaneously compressed, reflexes below the level of the lesion 
show the changes associated with pyramidal disease, that is, the 
tendon reflexes are exaggerated, the cremasterio and abdominal 
reflexes are diminished or lost, and the plantar reflexes are extensor. 
The reflexes are, therefore, often of value in the localization of a spinal 
lesion, especially when a reflex mediated by one spinal segment is 
diminished and one transmitted by a slightly lower segment is 
exaggerated. For examplo, a lesion extending down to the fifth 
cervical segment but not involving the sixtli cervical is likely to lead 
to diminution or loss of the biceps and supinator jerks, which 
depend upon the integrity of the former segment, while the triceps 
jerk, of which the reflex arc passes through tho sixth cervical segment, 
may bo exaggerated. The segmental levels of the various spinal 
reflexes are given on pp. 39^2. 

The Sphindera. 

The sphincters are not as a rule affected in the earliest stages of 
spinal compression, but later precipitaticy or difficulty of micturition 
usually develops and later still retention of urine is common, or the 
bladder may bo emptied automatically. Constipation usually occurs, 
but when there is severe paraplegia there may bo incontinence of 
faeces. Sphincter changes may occur at an earlier stage in tho case 
of tumours involving the cauda equina and conus medullaris than 
when the compression is rituated at a higher level. 
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Autonomic Symjj/om4, 

Autonomic symptoms may lie of ralue in the localization of a 
spinal lesiom I\Tien there is ccmsiderable interruption of conduction 
in the spinal cord the control of higlier centres over autonomic 
functions below the level of the lesion is impaired. In such cases 
excessive sweating frequently occurs over the parts of the bodj’ tlius 
Isolated from higher control. It is important to note that since the 
sympathetic outflow from the spinal cord is limited to the region 
betn een the first dorsal and the second lumbar segments, the upper 
level of the cutaneous distribution of autonomic disturbances does 
not as a rule correspond to that of the sensory sj-mptoms of a lesion 
at a given level of the spinal cord; see p. 814. Fay (1928) has 
emphasized the value of vasomotor and pilomotor reactions In the 
determination of the upper level of a lesion of tlie cord. Oedema of 
the lower limbs is not uncommon in cases of severe spinal compres- 
sion, as in paraplegia from other causes. 

The CerthTO-ssiml Fluid. 

Ezamination of the cerebro-spioal fluid is of great diagnostic 
importance, since obstruction of the spinal subarachnoid space 
pr^uces characteristic changes in its chemical composition and in. 
its pressure below the block. 

Chemical Changee. The essential chemical abnonuality is a rise in 
the protein content of the fluid, iihich usually lies betuoen 0-1 and. 
Od per cent. In addition the fluid is yellow in .colour^xantbo- 
chromla — in about 40 per cent, of cases and may coagulate spon- 
taneously. An excess of mononuclear cells in the fluid may be 
present uhen the source of compression is inflammatory, and ex- 
ceptionally in cases of tumour. A rise in the protein content of the 
fluid is most marked in cases of extramedullary spinal compression, 
and may be slight when the source of pressure is extradural or in-- 
tramedullary. It is important to note that the protein may bo 
normal or only slightly raised when the cord is compressed in the 
cervical region, whatever the cause of compression. A rise of the 
protein content has been observed in the fluid remo>'ed abene a 
tumour of the cauda equina. 

ilanometry. Jlanometry b carried out by the method described 
on p. 117. The pressure of the fluid is not infrequently subnormal 
below an obstruction of the spinal subarachnoid space, and varia- 
ffons ia pcessarg correapoattog to the pulse and respiratioa are 
often dimirnshed or absent. 

Queclensledt’a lesl affords valuable evidence of spinal suharaclmoiil 
block and should be carried out, as describc<l on p. IIS, in every 
case in which this is suspected. If obstruction of the spinal sub- 
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aracimoid space completely cuts ofiF tLo lumbar sac fiom the cerebral 
subarachnoid space, jugular compression produces no alteration in 
the pressure of the fluid below tho obstruction. If the obstruction be 
incomplete, both tho rise and the fall of the pressure may be slower 
than normal. It must bo remembered that holding the breath, 
coughing, sneezing, grunting, and abdominal compression may raise 
the pressure of tho ccrcbro-spinal fluid, eren below an obstruction. 
If no rise of pressure in tlio spinal manometer folIo>v8 jugular com- 
pression, this may be accepted as almost conclusive evidence of ob- 
struction of tho spinal subaraclmoid Bjiacc. A normal Queckenstedt’s 
test, however, cannot with equal certainty bo accepted as indicatuig 
that spuial block is absent. According to Elsbeig, a normal rise of 
pressure occurs in 20 per cent, of cases of spinal block. 

Lumbar Punclure at Dijfcreui Levels. Tlio>presenco of a tumour of 
the cauda equma may lead to a failure to obtain cerebro-spinal fluid 
by lumbar puncture at tho sito of election below tho fourth lumbar 
vertebra, if it completely fills tho spinal canal at this point. If this 
occurs in a patient who is suspected of having a tumour of the cauda 
cqumn, the lumbar puncture needle should bo inserted in the space 
above, and if this also results in a »lry tap, in successively higher 
spaces, if necessary up to that between the twelfth dorsal and first 
lumbar vertebrae, in the hope that it may thus bo possible to reach 
tho subarachnoid space abovo the upper level of the tumour. 

Exacerbahon of Symptoms foUowmg Lumbar Punciure. In cases 
of spinal subarachnoid block, especially when this is duo to a 
spinal tumour, the w ithdrawal ©f cercbro-spinal fluid below the level 
of tho block by lumbar puncture may lead to a shift in tho position 
of the tumour and a temporary ©r even permanent intensification of 
the si’uiptoms, especially root pains and weakness. Queckenstedt’s 
lest may evoke a root pain. A careful rc-exainination of tho patient 
biiould be made on the day following lumbar puncture, since a 
change in tho symptoms thus produced may prove of value in the 
localization of the lesion. 

Radiography 

Radiography of tho spine should bo carried out in all cases of spinal 
compression. Wlien this is due to disease of tlie vertebral column 
X-ray examination alone may enable tlie cause of the compression 
to bo discovered. It renders visible tho vertebral destruction due to 
tuberculous caries and other forms of osteitis, secondary carcinoma, 
primary vertebral neoplasm, and tho changes assocLited with trau- 
matic lesions. A tumour aiMng within tlie vertebral canal may by 
erosion lead to its diffuse enlai^ment, or may pass outwards througli 
tho intervoitcbral foramen with local destruction of bone. 
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Jiii-liiijriijihy ajitr thf )^faik\Otl Jnjtciion «/ Lipluhi. 
w R clmiiical a)ii>|ioiin<l n>til>t<n>ng 10 j»t fi tit. of yKitttu t«mibhK'»l 
with (111. It uujaque ta X-r4>ii anil w.m fiml cni|i!ii\r«l 

111 the diAgno'i* of nmul coii»I»mwi«»n !>} Nranl Aiui F<ini»tkr. It is 



Fid. (/A. Am«t of Lpuilwl in (!•(• •iiinal nuim^M tiiioMj in 

• ca<i« of mlltrciie arwluiotdilu in Omi n0U>n. 


injected ia amounts of 1 to 3 c.c. into Uio cbtcma magiia after 
cistern puncture (see p, 112) with the {vitknl ia a sitting {lOMtiou. 
Being lieaTicr than cerebro-sjurul fluid, it normally {vissc^ rai'idly 
down tho i»x>inal aulMrachiivul apace, to rencli (hu loicl of Iho first 
or accond sacral vertebra. Wlirn the spinal suljamchiioid sjucc 
ia coaiplctely obstniited, the lipiudol rvmains arrcntcd aboio the 
obstruction. In the prcsenco of a partLil obntructioa hoiiio of the 
bpiodol is likely to bo arreaiU^ fur a tiiiiu (Fig. CO). Aa ultonutiw 



COMPRESSION OF THE SPINAL CORD 631 
method of employing lipiodol is to inject it by lumbar puncture, the 
patient being then placed with his hips at a higher level than liis 
shoulders. In this way the lower bolder of the spinal obstruction 
may bo outlined. This method should always be used when a tumour 
is suspected in the neighbourhood of the foramen maguum. Lipiodol 
is somewhat irritant, and its use should bo restricted to cases in 
M'hich there is evidence of spinal compression, the level of which 
cannot be accurately ascertained by clinical metliods. Caution 
sliould always bo exercised in drawing conclusions from the arrest or 
non-arrest of lipiodol, since in cxcex)tional cases lipiodol may fail to 
be arrested by a tumour causing a spiual compression, or, on the 
other iiand, may bo arrested in the absence of any lesion discover- 
able at operation. 

Symptoms of Spinal Compression at Different Levels. 

Tlie symptoms of spuial compression at a given level consist of 
(1) symptoms of a lower motor neurone lesion, that is, atrophic 
paralysis with diminution or loss of the tendon reflexes in the muscles 
innervated by the segment® compressed; (2) symptoms of an upper 
motor neurone lesion, that is, spastio paralysis with exaggeration of 
the tendon refle.xe3, diminution or loss of the abdominal and cromas- 
terio reflexes and an extensor plantar reflex on one or both sides 
below the level of the compression (in advanced cases paraplegia-in* 
extension in the lower limbs gives place to paraplegia*in*flexion) , 
(3) symptoms of posterior root irritation, pam and hyperalgesia, may 
bo present, with a segmental distribution corresponding to the seg* 
meats compressed ; (4) varioustypesof sensory loss alreadydescnbed, 
with an upper level at or somewhat below the segmental level of the 
site of compression. The following aro the principal motor and reflex 
disturbances resulting from compression of the spinal cord at diScrent 
levels. The distribution of the sensory changes can best be ascer- 
tained from the figures on pp. 28 and 29. 

(1) Upper Cervical Region. Spina] compression at tliis level 
usually causes considerable pain in the neck and occiput, which is 
intensified by movements of the cervical spine. Pain, paraesthesiae 
and weakness in the upper limbs are early symptoms. Wasting may 
occur in both upper limbs although the cervical enlargement is not 
compressed. Compression of the phrenio nerves or of their nuclei may 
lead to diminution in the amphtude of the movements of the dia- 
pliragm. A tujpour in tliis n^on may extend upwards tlirough the 
foramen magnum and cause symptoms through compression of the 
medulla and of the low cst cranial nerves. Compression of the spinal 
tract and nucleus of the fifth nerve may cause relative analgesia and 
thermo-anaesthesiaover{heJace,ancI ^e ninth, tenth, and eleventh 
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cranial nerves may also suffer. Signs of pjTamiclal compression are 
present in both upi)cr and loner limbs, i’ostiiral sense and apprccU. 
tion of vibration are usually impaired over one or both upper limbs. 

(2) Tkt Fi/lh Cervical Seynunt. Atrophic paralysis is i)re!>cnt in the 
muscles innervated by this segment, namely, the rhoiul^oids, deltoid, 
spinati, biceps, and supinator longus. There is spa<stio parul^'sis of 
the remaining muscles of the upper limbs and of the trunk and loner 
limbs. The biceps* and supimvtor'jerks aro diminbihed or lost, but 
a tap on the lower end of the ratlins nmy evoke oxaggerattti rcllex 
flexion of the Angers (inversion of the radial reflex (Rabinski)). The 
tneeps-jerka aro preserved and may be ex.iggcratetl. 

(3) The Eighth Ceriiml awl Firtl Dorsal Hegwenls. Atrophic 
paralysis involves tlio flexors of Ibo wrist and flngcrH ond the stnall 
muscles of the bauds. Paralysis of tlio ocular syin(Mit!ictic may bo 
present. The tendon reflexes of the upjicr limbs aro pre.'crved. There 
IS spastic paralysis of the trunk and lower limbs, 

(4) ^id-dorsal Uegion. Alropbio paralysis is confined to the inter* 
costaU inuen’atcd by tbo scgiucots involved. Movements of the 
diaphragm are normal. There is spastic [laralyaU of tlie muscles of 
the abdomen and Io«rcr limbs. 

(j) A'latA and Tenth Dorsal SeymaiU. The lower halves of tUo 
abdominal recti are paralysed; tbo up]>cr holvcs are normal. Con* 
scqucatly the umbilicus is drawn upwards when the (Hiticnt raises 
his head against resistance. The upper alxlDminal reflexes nro 
preserved, while those oftbe lower segments arc lost. Tlicroissp<u>tio 
paralysis of the lower limbs. 

(0) Ticcl/lh Dorsal and First Lumbar Stgmcnla, The abilominal 
recti are normal, but the lower fibres of obliquus intcrniui and 
transversahs abdominalis aro paralysed. Tlio abdominal reflexes are 
preserved, but the cremasteric reflexes ire dimiulslicd or lost. There 
is spastic paralysis of the lower limbs. 

(7) Third and Fourth Lumbar Segments. Flexion of the liip is 
preserved. There ore atrophic paralysis of quadriceps and the adduc* 
tors of the hips, with diminution or lois of tlio knee-jerks, and sjiastio 
paralysis of the remaining muscles of the low er limbs, with exaggera- 
tion of the aukle-jerka and extensor plantar responsca. 

(8) First and Second Saeml Segments. Flexion of the hip, adduction 
of the thigh, extension of the knee, and dorslllcxion of llio foot arc 
preserved. There are atrophic paralysis of the intrimuc muscles of 
the foot and of the calf muscles, and spaaitc paralysis of flexion of 
the knee and of all muscles moving the hip-jomt, except the flexors 
and adductors. The knee-jerks are prcsccvwl; the ankle-jerks and 
plantar reflexes are lost. The anal and bulbo-eavcmosus reflexes 
are preserved. 
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(9) Third and Fourth Sacral Segments. Tlio large bowel and bladder 
are paralysed aod retention of uiiue and faeces occurs, due to the 
uninhibited action of the internal sphincters. The external sphincters 
are paralysed and the anal and bulbo-cavemosus reflexes are lost. 
The motility and reflexes of the lower limbs are normal. 

Compression of the Cauda Equina. 

Compression of the cauda equina is most frequently due to a 
neoplasm, but the nerve-roots may bo compressed by fat in cases of 
spina bifida occulta, by the constriction of a fibrous band (Len), or by 
cliroiiic arachnoiditis. An important source of compression is a dis- 
placed intervertebral disk, usually that between the fourth and fifth 
lumbar vertebrae, less often that betuecn the fifth lumbar and first 
sacral or beta een the thW and fourth lumbar. Rupture and hernia- 
tion of part of the disk may bo caused by lifting a heavy object, a fall, 
or a strain. The clinical picture is a variable one, depending upon 
the site and extent of the source of compression. A small tumour 
may for a long tiuio compress only ono or tuo roots on one side. A 
large and massive groivtli may involve the whole of the cauda. For 
anatomical reasons the loner roots are more likely to bo com* 
pressed than the upper, since they suffer alone when a growth is 
situated in tho lowest part of the spinal canal and they are also 
Implicated, together with the upper roots, by tumours at a higher 
level. 

In almost all cases of compression of the cauda equina by tumour, 
pain is tho earliest symptom. It is usually located in the lumbar or 
sacral regions of the spine. It is usually a dull, aching pain and is 
liable to bo exacerbated by j'erky movements, coughing, and sneezing. 
Less frequently the pain is referred to one or both lower hmbs in tho 
distnbution of certain of tlie lower spinal roots and may also be 
referred to the bladder or roctum. 

Motor symptoms consist of atrophio paralysis, tho distribution 
of which depends upon the roots affected. Most frequently there is 
paralysis of tho muscles below the knee, though the tibialis anticus 
may escape, and of tho hamstrings and glutei. In such cases tho 
ankle-jerks are diminished or lost, and the plantar reflexes may also 
be unclicitablo ; but the kneo-jerks are often preserved. 

Tho distribution of the sensory loss al»> depends upon which pos- 
terior roots are involved. Compression of the lower sacral roots 
leads to a characteristic soddlc-shapcd area of anaesthesia and 
analgesia extending over tho buttocks and back of the thighs. 
Compression of the upper sacral and fifth lumbar roots produces an 
area of sensory loss over the foot mid over the back and outer aspect 
of the leg. When tho lowest sacral segments are involved, though tho 
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external genitals are anaesthetic and the patient may be unaware 
of the passage of a cathetor through the xiretbra, some sensibility 
usually remains in the bladder, so that the patient is aware of its 
distension, and cystitis may give rise to pain. 

Disturbance of function of the bladder and bow el is usually a late 
development. Compression trf the third and fourth anterior and pos- 
terior sacral roots intemipta the reflex arc upon which evacuation of 
the bladder and rectum depends. The result is retention of urine and 
faeces due to the unopposed contraction of the internal sphincters, 
although the external sphincters are paral3'sed. Impotence occurs in 
the male. 4Vhen the lowest sacral roots are compressed the anal and 
bulbO'Cavemosus reflexes are lost, but these inll be preserved as long 
as these roots escape. 

Trophic symptoms are not uncommon in the lower limbs, which 
are &equently cold and cyanosed and lend to become oedematous 
if they are allowed to hang down. Slight injuries over the analgesic 
areas are apt to lead to sores which do not quickly heal and which 
leave permanent scars. 

The symptoms of a displaced intervertebral dUk in the lumbar 
region are: pain of a sciatic distribution, scoliosis, loss of the normal 
lordosis, and rigidity of the lumbar spine, and some wasting of the 
painful limb ^^th loss of the ankle-jerk. lUdiography in the prone 
posture after the injection of 5 ex. of lipiodol by lumbar puncture 
usually demonstrates a Ailing defect corresponding to the anteriorly 
placed rounded nodule. 

The diagnosis of a tumour of the cauda equina from a tumour of 
the conus medullans is often diflicult and may bo impossible. If, 
however, in spite of paralysis of the bladder and rectum, the anal 
and bulbo-cavemosus reflexes are preserved and if sensory loss is of 
the dissociated type, that is, if sensibility to pain, heat, and cold is 
lost, while that to light touch is preserved, it is likely that the 
lesion involves the conus rather than the roots. The presence of 
an extensor plantar respooso on one or both sides indicates that 
the spinal cord is compressed at least as high as the flllh lumbar 
segment. 

Diagnosis. 

The diagnosis of spinal compression involves four stages: (1) 
Spinal compression must be dbtinguLhed from other lesions which 
maj* give rise to similar sj-raptonia. (2) IMjcn the existence of 
spinal compression has been established, its segmental level must be 
determined. (3) An attempt shonld then lx» made to decide whether 
the compression is extradural, extramedullary', or intramedullary; 
and (4) what is its pathological nature. 
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(1) Diagnosis Jrom other Disorders. 

AVhen the earliest symptom of spinal compression is pain, it is 
liable to bo confused \viUi visceral disorders of which pain is a 
prominent symptom, for example, pleurisy, angina pectons, chole- 
cystitis, gastric and duodenal ulcer, and renal calculus. This error 
can only bo avoided by a thorough examination of the nervous 
system, which will usually yield some indication of a lesion of the 
spinal cord, and also by the absence of physical signs of visceral 
disease. When spinal compression causes paraplegia it requires to be 
distinguished from other disorders of which this may bo a promment 
symptom, especially spinal syphilis, disseminated sclerosis, syringo- 
myelia, and amyotrophic lateral sclerosis. On chnical grounds this 
distinction can usually be made mtb considerable certainty, but the 
diagnosis can only be clinched by an exammation of the cerebro-spina] 
fluid which includes Queckenstedt’s test. The changes in the fluid 
characteristic of spinal compression are unmistakable and are usually 
present by the time that symptoms are sufliciently severe to give 
rise to confusion with the disorders mentioned. It must always Be 
remozubered that spinal tumour may coexist inth syphihs, and the 
presence of a positive \Vassenuann reaction in the blood and even in 
the cerebro-spinal fluid must not bo taken os conclusive evidence that 
the patient’s symptoms are due to syphilis. Clinical evidence suggest- 
ing spinal compression, especially if associated with the changes 
characteristic of this in tho spinal fluid should lead to exploration of 
the cord in spite of the positive Wassermaim reaction. 

(2) Localization of Segmental Level. 

In the localization of the segmental level of spinal compression 
segmental symptoms, especially atrophic paralysis and root pauis 
and hyperalgesia, are of the first importance. Next in value is the 
upper limit of the area of sensory loss, though this is not always 
easy to define. When it can be accurately determined the segmental 
level of tho upper limit of tlio area of analgesia may be taken as 
indicating the lowest segment compressed. In the small proportion 
of cases in which clinical methods fail to yield accurate evidence 
of the segmental level of tho compression, this can usually be 
established by radiography following the intracistemal or lumbar 
injection of lipiodol. 

Belalionship of Spinal Segments to Vertebrae. Since the spinal cord 
terminates at tlio level of the lon» border of tho first lumbar verte- 
bra, spinal segments do not correspond numerically with the verte- 
bral arches by which they are enclosed. Having localized a source of 
compression in terms of spinal segments, the surgeon requires to 
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know beneath vUiich laminal ardi lie may expect to find it. To 

ascertain which spinal segment is related to a given vertebra: 

For the cervical vertebrae, add I. 

For dors.ll 1-6, add 2. 

For dorsal 7-0, add 3. 

The tenth dorsal arch overhes lumbar I and 2 segments. 

The eleventh dorsal arcli overlies lumbar 3 and 4. 

Tlie twelfth dorsal arch overlies lumbar 3. 

The first lumbar arch overlies the sacral and coccygeal segments. 
It must he remembtred that owing to the oblirpiity of tho lower 
dorsal spinous processes a spinous process in this region is situated 
at the level of the body of the vertebra below. 

(3) The lidntionship of the Source of Compression to tJie Cord. 

Angular deformity of the spine aiul radiographic evidence of 

vertebral destruction indicate clearly that vertebral disease is 
responsible for the spinal compression. In the absence of such 
evidence tho dilTcrcntiation of extradural, cxtramcdullaty, and 
intrauicdiillary sources of spinal coraprcssion is often difiicult and 
may be impov‘ublc. In extradural cumprrsdon root pains not 
uncommonly occur early and symptoms of spinal compression are 
usually bilateral and symmetrical in their development. Motor 
symptoms usually ap^icar first, to bo followoil later by sphlnttcr 
ilUturbances, and sensory changes are frequently late. The protein 
content of tho ccrcbro*spinal fiuid is often not greatly increased 
and usually lies betirocn 40 and 130 mg. 2 >cr c.a The distinction 
between extramedullary and iulramcdullary' compression U often 
impossible before operation. The early onset of unilateral root pains 
and the development of syroptonw indicating that eouiprosAion is 
uamly exerted ujKjn one-half of the cord favour an extramedullary 
source of coniprcio.ion. In such cascs,morcuvcr,hJoefcage of the spinal 
subarachnoid f(iacc tends to occur early* and the protein content of 
the spinal iluid U usually high. In caeca of intramedullary cotupn^s* 
sion root pains arc le^ frequent and motor Bymptoius ore usually 
bilateral. An area of dissociated sensory loss extending over a series 
of segments just below tho level of the lesion is suggestive of an 
mtramcdiili.iry growth. Subarachnoid blockage occurs later and the 
protein content of the Iluid is usually lower in tho case of intra- 
meilullary than m the case of cxlramtdnllary compression. 

(4) Diagnosis of the Cause. 

(i) Vtrltbral Disiase, When spuial coiiipn.'swion is due to vertebral 
disease there arc itcually considvroblo jwin hi, and rigitlity of, the 
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spiito ; angular deformity is common and radiographic evidence of 
vertebral destruction uill usually bo found. Tuberculous caries is to 
bo suspected when these symptoms aro present in a young patient 
Avho shous evidence of infection, such as pjTCxia and sweating, with 
possibly in addition signs of a tuberculous abscess or of a tuberculous 
focus elsewhere, bul it may occur at any age and ufthout general 
symptoms. Seco/idary carcinoma of the vertebral column is usually 
seen in middle-aged patients. The onset of the spinal symptoms 
is often rapid and attended by considerable pain. There is often a 
history of an operation for carcinoma and, in the absence of this, 
careful clinical and radiological examination usually enable the 
primary gro^vth to be found. The diagnosis of other forms of verte- 
bral disease, for example, myelomatosis and osteitis deformans of 
Paget, can usually only bo cstabibbed radiographically. ^Vhcn tlio 
former is suspected the urine should ho examined for Bence-Jones 
proteose. 

(li) Spinal Tumour. Spinal tumour is to be suspected in cases m 
winch there is a gradual onset and a slowly progressive development 
of symptoms of spinal compression, in the absence of evident disease 
of the vertebral column. It is usually impossible to anticipate the 
nature of the spinal tumour, but careful search should bo made for 
cutaneous pigmentation and other symptoms of neurofibromatosis, 
which may bo associated with an intrathecal neurofibroma. 

(iii) Meningitis. It is often impossible to diagnose either hyper- 
tropiiio pachymeningitis or arachnoiditis before operation A history 
of infection or of injury to the vertebral column should suggest the 
possibility of arachnoiditis while Iho occurrence of multiple levels of 
segmental sensory disturbance, and a patchy or streaky arrest of 
liplodol are in favour of this. 

Such rare causes of spinal compression as Hodgkin’s lympho- 
granulomatosis, chloromatous or leukaemic deposits, and parasitic 
cysts can be suspected only when clinical examination reveals 
evidence of the disease elsewhere. 

Prognosis. 

General Considerations. 

The prognosis of compression of tho spinal cord depends upon (I) 
the nature of tho source of compression and tho extent to which it 
can bo relieved, (2) tho severity and duration of the disturbance 
of function when tho patient comes under observation, and (3) tlie 
level of the cord compressed The influence of tho nature of the 
compressing agent upon prognosis is further considered below. The 
more severe tho interruption of conduction in the cord, the less likely 
is recovery to be complete. Hence the dc\eIopnieut of paraplegia- 
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in-flexion, which indicates a seTcre degree of intemiption of the cord, 
is of bad prognostic import and little &nctionaI improvement can be 
expected in such ca^es. The longer symptoms of compression have 
been present, the less complete is recover}' likely to be, though even 
when such symptoms as spastic weakness of the lower limbs have 
been present for two years, a remarkable degree of recovery may 
occur. The outlook is best when the site of compression is situate^l 
in the middle or lower dorsal regions. IMien the cervical cord is 
compressed the proximity of the spinal centres innervating the 
diaphragm adds to the nsk both of the coinpie&»ion itself and of 
operations upon this region. Compression of the lumbo-sacral region 
and cauda eqnina is especially liable to lead to disturbance of 
function of the bladder and bowel, and hence there is a high incidence 
of infection of the urinary tract in such cases. In all cases of spinal 
compression the presence of infection of the urinary tract and of 
severe bed-sores adds to the gravity of the prognosis, 

Tubenuloui Spinal OiUUia. 

The mortality rate of tuberculous caries of the spine ranges is 
difiereot scries &om 20 to oO per cent, of cases. When modem 
methods of treatment are employed, bowe%er, it probably lies 
between 10 and 20 per cent. Spinal compression naturally incrcaaes 
the rUk of death, but about 70 per cent, of patients with paraplegia 
recover completely. Others are left with some spastic weakness of 
the lower limbs. The prognosis both as to life and aa to recovery of 
function U better in c^dren than in adults. The sudden develop- 
ment of paraplegia rapidly becoming complete is usually due to 
‘concertma’ collapse of a vertebral body or to thrombosis of vesseb 
supplying the cord, and in both conditions the outlook is poor. 
When paraplegia-in-flexion is present there is no hope of recover}’. 

Secondary Carcinoma of the Vertebrae. 

Few patients survive more than nine months after the development 
of symptoms indicating the presence of metastatic carcinomatous 
deposits within the vertelRwl colamn, death occuiring either as a 
direct result of disturbance of function caused by tho primary 
growth, or from cachexia dne to widespread metastases. 

Spinal Tumour. 

The prognosis ofspinal tumour depends primarily upon the extent 
to which the growth can be removed. Acconlingly the outlook is 
much better in the case of extramedullary tumours, a largo propor- 
tion of which can be removed completely, than when tho tumour is 
intramedullary. Few intrameduHaiy tumours can be successfully 
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removed without considerable damage to the spinal cord. Improve- 
ments in surgical technique, however, are likely to add to the propor- 
tion which are operable. The mortality rate of operations for spinal 
tumours is under 10 per cent in the best hands. A considerable 
functional imjuovement may be expected to follow the successful 
removal of a spinal tumour in all but the most advanced cases, even 
when symptoms of compression have been present for several years. 
Improvement, however, may be slow and may be expected to con- 
tinue for a year or more after operation. 

Mtningilis CircumscTxpta Serosa. 

The response to operation is often disappointing and only about 
30 per cent, recover. 

Treatment. 

The treatment of compression of the spinal cord involves (1) the 
appropriate treatment of the source of the compression, and (2) when 
paraplegia is present, adequate care of the paralysed limbs, the skin, 
the urinary tract, and the bowels, along the lines laid down on p. 610, 
for upon the careful treatment of the parajdegia may depend not only 
the patient’s life but also the rate at which recovery of function 
occurs. 

Tuhercuhiti Spinal OsUilis. 

A patient suSerlng from tuberculous caries of the spine requires 
rest with hyperexf ension of the spine, in order to take the weight of 
the upper part of the body from the damaged vertebrae and so 
prevent increase of the deformity. Immobilization is obtained by 
means of a suitable frame or by a plaster bed. Every effort must be 
made to improve the patient’s general health and promote resistance 
to the infection. For this purjKwe fresii air and sunlight, either 
natural or artificial, are inv^uable. The diet should be ample and 
augmented by cod-liver oil or by one of the proprietary preparations 
rich in vitamins, and iron and strychnine may be given. 

For the indications for the operations of costotransversectomy and 
spinal fusion reference should be mode to text-books of surgery and 
to Seddon’s (1934-3) paper. Laminectomy is rarely desirable, since 
most patients rapidly improve on the treatment described. An 
exploratory operation, however, may be carried out when paraplegia 
has continued unimproved after sovcral months of treatment or 
when a sudden increase in ita severity occurs; for example, the con- 
version of paraplegia-in-extension to paraplegia-in-flexion, which 
may indicate the compression of the cord by bone. 
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Secondary Carcinoma oj Vertebrae. 

Treatment of this contlitioa can ooJy be palliatiTC, and morphine 
should bo given in doses adequate for the relief of pain. X-ray 
irradiation of the aSectod region of tlio spine may also give relief. 
When pain is very severe and the patient’s general condition is 
sufiidentl}' good, chordotomy may bo carried out, the ascending 
p.iin fibres in the spino-tbalamic tract being interrupted at least six 
spmal segments above the uppermost root compressed. 

Sjdnal Tumour. 

Laminectomy should be performed, and when the tumour is 
extradural or extramedullary it should be as far os possible removed. 
For the treatment of intramedullary tumours Elsborg recommends 
incising the ixtetcrior as|»eet of tho cord, slightly to one side of the 
me<lian septum, and allowing the tumour to extrude itself, a second 
operation being performed a week later for tho removal of the 
extruded portion. It is, however, sometinics possible to dissect out 
and remove an intrameduUarx’ tumour without serious damage to 
the cord. ^Mlcn a spinal tumoor for any reason cannot be removerl, 
tho 0{)cration of laminectomy may lead to a temporary improvement 
by diminLhiug tho pressure upon the coni. X*ray irradiation may 
bo of value as an accessory method of treatment following operation, 
especially for intramedutLu>’ tumours. lattle is at present knowTt 
concerning the value of radium to the treatment of spinal tumour. 

MeninyitU. 

When spinal pachymeningitis U of long standing, it leads to soften- 
ing of the spinal cord tlirougb inlcrfcreuco with its vascular supply. 
. In such cases httlo benefit can bo expected to follow ojicration. At 
an earlier stage, however, when the s^-mptoms are mainly duo to 
constriction of the corxi, improicmrnt may follow laminectomy and 
removal of granulation tisnuc. When arachnoiditis' is found at 
operation, an attempt should bo made lofrce tho cord from adhesions. 

Tho after-treatment of patients suffering from spinal corapreasion 
and who have undergone LiminccUnuy, should iiicludo massage and 
passive moicmcntsofthe paretic limbs ami re-cducational exercises, 
in order to promote functional recover}'. 
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DISORDERS OF THE SPIXAL CORD 
8. SVRING05IYELU ’ 


Synonym: Status dysrapliicua 

Definition,: A chronic disease charatterized pathologically by the 
presence of long cavititss, surrouoiled by gliosis, aliicli are situated in 
relation to the central canal of the spinal cord and frequently extend 
up into the medulla (sj-ringobulbia). The principal clinical features 
are areas of cutaneous analgesia and tlicrrao-anacsthcsia, with 
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preservation of the appreciation of light touch and postural sensi* 
bility, muscular w asting, and trophic changes, csx>ech\lly in tlio upper 
limbs, and symptoms of pyramidal degeneration in the lower limbs. 

Pathology. 

The pathological changes characteristic of syringoiii) elia are most 
frequently situated in the loner cervical and up^icr thoracic regions 
of the spinal cord. Extemiou to tho medulla w common, and the 
process may reach the pons or eien as high as the internal capsule 
(Russell). A thoracicodumbac and Iumbo-&icraI incidence is less 
frequent. , 

The affected region of the cord is enlarged, mainly in the trans- 
verse plane (Fig. 67), In some cases the enlargement is sufficient 
to cause erosion of the bones of the s^iinal canal. Tniuscctiou of 
the cord reveals a cavity surrounded hy* a zone of translucent 



SYRINGOJIYELIA 643 

gelatinous material. Tho cavity, iriiich often i)osscsse3 diverticula, 
conUins clear or j’ellow fluid. The pathoiogical j)roces3 appears to 
originate most frequently at the base of one posterior horn of the 
grey matter of tho sjiinal cord. Less frequently it begins m the 
middle line in tho grey matter, near tho central canal. Excejitionally 
tins canal itself appears dilated. In the medulla tho region affected 
is the posterolateral part, in the neighbourhood of the spinal 
nucleus of tho trigeminal nerve and the nucleus ambiguus. Fissures 
may radiate from the fourth \cntriclo into this region. Micro- 
scopically the gelatinous inatctid lining tho cavity contains glial 
cells and fibres. 

Tho expansion of tho cavity and sutTOimding gliosis lead to 
compression of tho anterior horns of tlio grey matter, thus causing 
atrophy of the anterior horn cells and degeneration of their axones 
in tho anterior roots and pcriplicral nerves. Compression of the long 
ascending and descending tracts of tho cord occurs someuhat later 
anil leads to secondary degeneration, nliich is most marked m tho 
pyramidal tracts, tho spino-thalamic tracts, and tho posterior 
columns. Haemorrliago into a syriugomyelio cavity constitutes one 
form of hacmatomyeha. 

Aetiology. 

There Is general agreement that in most cases syringotuyelia is 
based ujKm a congenita! abnormality and is tlie outcome of abnormal 
closure of tho central canal of tho spinal cord in the embryo It has 
been suggested tlint incomplete closure leaves cavities around uhich 
n secondary gliosis develops and alternatively that during closuxo 
spongioblasts are included m the region of tlie central canal and that 
tiiese later form glial tissue which iindcigocs cavitation Disturbances 
of the blood-supply aro probably of secondary importance in 
aetiology and there is no gootl reason to suspect that infection plays 
any part in causation. Trauma has been held to be of actiological 
importance It has been suggested that intra-iiterino haemorriiage 
within the cord may form the starting-point of sjTingomyelia, though 
there is no evidence of tins Occasionally also in adult hfe the 
sjTniitoms of syringomyelia are held to date from an accident. It is 
probable, how ever, tliat in sucli cases tho trauma, if it possesses any 
significance, is not tho primaiy cause of syringomyelia, but merely 
excites a latent abnormality into activity. 

A familial and even a lin^tary inddcnce of syringomyelia is well 
cbtablished, though it is exceptional Multiple cases have been 
described in siblings, but the condition is usually sporadic. In this 
connexion it is interesting that congenital abnormahtics have been 
observed in othenvise normal relatives of a patient suffering from 
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sjTingomyelia. TUo occaMOnal famUiftl occurreaco of syringoinjclla 
relates it to mjclodysphsia (see p. 051), ami the not uncommon 
occurrence of spina bifida, both in patients with syringomyelia and 
in their relatives, affords support for tho theory that syringomyelia 
is based upon defective closure of the spinal cord. 

Although in most cases syringomyelia j)Os»cs&c3 tho congenital 
pathological basis already described, cavitation may occur Aiithiu 
the spinal cord as a result of intramedullary tumour, the cavity 
developing cither uitbin tho tumour, or outside it in a manner 
similar to tb?t in which cy-kta are produced by cerebellar angioblasto- 
mas It is not imcommoQ al'O for a spinal tumour to dev clop in a 
patient already suffering from syringomyelia. 

The age of onset of syinptonia in sy'ringumyelia ranges betneen 
10 and GO. Usually it lies betueen 2.5 and 40. Males suffer more 
frequently than females in the proportion of about llireo to one. 

Symptoms. 

The symptoms of syringomyelia arc remiiiy interpretetl as (hepuU 
como of tho progressive lesion in tlio central region of the sj'inal c-ord. 

Jfede o/ Oruti. 

Tlio onset is extremely insidious. Wasting and weakncN! of tho 
small muscles of tho hands ore tho communc.<<t curly Hjitiptoms, but 
the lutient may notice the ]os.s of feeling m the hands or the resulting 
injuries. Less often xuin or trophic lesions first attract attention. 

Seiuonj Sipnptomi. 

At the earliest stage there is an eloogatctl uavity surrounded by* 
gliosis, situated in most cases at the l>asc of one jwstcrior horn of 
grey matter and extending longitudinally tliroiigli several FCgmcnts, 
usually in the lower cervical and upjier thoracic segments of tho cord. 
The effect of such alesionis toiofemipt on one sido the decussating 
sensory fibres derived from several coni>ccutivc {lostcrior roots. 
Since the fibres which decussate shortly after entering the cord are 
those which conduct impulsed concenied in the appreciation of ])ain, 
heat, and cold, these forms of sensibility are impaired wJiile other 
forms are proserv ed. This h the dissomtod sensory loss desenbed by 
Charcot and is usually first observed along tho ulnar border of the 
hand, forearm, and arm, and upper part of tlie chest and back on ono 
side. lOicn the lesion is centraffy situated irom tie first or has 
extended from one side of the cord to the oilier, the area ofdi.<aociated 
sensory loss is bilateral. As tho lesion extends ujinards and down- 
wards m the cord, the area of sensory impairment extends to tho 
radial sides of the upper limbs and to the neck and downwards over 
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the thorax, oxliibiting at Uii^stago a distribution eit ciiirasse. The 
ureas over wliich appreciation of pain, boat, and cold aro first 
impaired, and later lost, arc not always, nor even usvjally, coter- 
minous, but any ono may bo more extensive than the others Wlien 
tho lesion reaches tlio upper cervical begiiujnts it begins to involve the 
spinal tract and nucleus of the trigeminal nerve, ^vllich receives fibres 
conducting impulses concerned in the appreciation of pain, heat, and 
cold from the face. Progressive destruction of these fibres causes 
extension of tbo area of dissociated sensory loss in a concentric 
manner from behind forwards on the face, sensibility on tho tip of 
tJio noso and ujijicr lip being last affected. Exceptionally tlie dis- 
order begins in tlio medulla, in uhicli caso sensibility is first 
imjMircd on tho face. 

Tiio progressive extension of tho apinal lesion later causes com* 
prcssioii of tho apino-thalainio tracts on ono or both sides, leading to 
loss of appreciation of |)aiii, heat, and cold over tho lower parts of 
(he body. It is not uncoiiimon to find an area of normal sensibility 
over tiio abdomen intervening between tho area of tlioracic imaes* 
thesia duo to mtcrruptlon of tho decussating fibres and tho area of 
bCitsory loss on the lower lunbs duo to compression of tho spuio* 
thalamlo tracts. Sensation over the postcuor aspects of tho lower 
limbs is usually alToctcd last. When tho s]>ino*tbalamio tract is 
comprciiscd at tho level of tho medulla, appreciation of pam,heat, and 
cold is mijiaircd or lost over tho whole of tho opposite half of tho 
body. The posterior columns aro usually tho last of tho sensory patli* 
wa>8 to suffer, but in tho lato stages appicciation of posture, passlvo 
inotemeut, and vibration is likely to bo impaired, especially in the 
low or limbs, uud there may bo extensive anaesthesia to light touch. 

Tliermo-anacsthe-sia may bo detected by Uie patient, owing to the 
fact that hot water no longer feels hot over tho affected parts of 
the body, and his analgesia exposes him to injuries, especially burns 
of tlie fingers, w bich ho does not notico at the time, because they are 
pamless. Si>ontancous pains, though usually absent, are sometimes 
troublesome, and tho patient may describe burning, aching, or shoot- 
ing pains which sometimes closely resemble tho liglitning pains of 
tabes. Such pains in one side of tho faco or in tho upper limb may bo 
tlie first symptom. When the lesion begins in the thoracico-Iumbar 
or lurabo-sacral regions of tho coni the dissociated loss has a corre- 
sponding distribution. 

Optic atrophy is exceptional, but has occasionally been described. 
Motor Symptoms. 

Tho earbest motor symptoms aie usually muscular weakness and 
wasting due to atrophy of tho anterior horn cells produced by 
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compression. Since the lesion uaually liegins in tlio cervico-thoracic 
region oftfaeconl, muscular wasting usually fiR>t appears in the small 
muscles of the hands. It may be bilateral from the beginning, or one 
hand may suffer before the other. As the lesion citends, the muscular 
wasting spreads to inrolre the forearms and later the arms, shoulder 
girdles, and upper intercostals. It is often slight and is ne\cr as 
severe as is seen in advanced cases of progressive muscular atroph}’. 
Fibrillation is usually absent. Contractures may develop, csjwcially 
in the muscles of the hand and forearm. Extension of the lesion to 
the postero-latcral part of tlie medulla not imconimonly involves the 
nucleus amhiguus, causing pare^ds of the soft palate, pharynx, and 
vocal cord. The other motor functions in uhich the craiiLil nen'es 
are concerned are less frequently affected, though 1 liavc seen 
paralysis of the mandibular muscles, external rectus, facial muscles, 
and soft palate on one side as a rcault of haemorrhage into a syringo* 
mjelic cavity in the poos and medulla. The tongue is occasionally 
mvolvcd. Njstagmus is commonly present in syriBgom^clia. It is 
usually rotary in character and has been ascribed to invohement 
of the vestibular and cerebellar connexions within the bmin>stem. 
Paralysis of the ocular sj-mixathctic on one or both sides is not un> 
common and leads to small and often irregular ]>upils, nith ptosis and 
slight enophthalnios. The reaction to L'gbt is prescn’cd. 

Compresaion of the pjTamidal tracts in Uie spinal cord causes 
weakness, uitb slight s£»asticity and extemsor plantar responses in 
the majority of cases in the later stages. Tlio loss of power, however,^ 
IS rarely severe. Tlie tendon relle-ves are exaggerated in the lower 
limbs and may be either exaggerated, diminldied, or lost in the upper 
limbs, depending upon the predominance of upper or lower motor 
neurone lesions. The sphincters are usually little affected. 

Trophic Sijmploms. 

Trophic s^Tnptoms ate conspicuous. True bypcrtropliy involving 
all the tissues may be present in one limb or one-Lalf of the body. 
Loss of sweating or excessive sweating may occur, usually over the 
face and upper limbs. Excessive sweating may bo spontaneous or 
may be excited retlexly when the patient takes hut or highly seasoned 
food. Twenty per cent, of patients exhibit osteoarthrojiatby — ■ 
Charcot’s joints. Tlie shoulders and elbows arc most frequently 
affected, less often the joints of the hanils, tiie temporo-mandibulor 
jomt, the slemo* and acromio-davicular joints, and the joint.s of the 
lower limbs. Atrophy and dccalcification of the bones in tlie region 
of the joints with erosion of joint surfaces are the usual radiograpliic 
findings, the hypertrophic varieties of arthropathy being unusual 
(Fig OS) The development of tlio joint chauges is not as.sociat(si 
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w ith pain. The airoclotl joint u often cnlaigcd and niovcinent evokes 
loutl crepitus but is paintobs. Tlio long bones aro frequently 
brittle Trophic ciiangcs in the skin include cyanosis, probably 
duo to a vasomotor paralysis, hyperkeratosis, and thickening of 


ria. OS »>ni>gom)olia- CiMtreot elbow. 


tho subcutaneous tissues, leading to a swelling of tlio fingers 
described as ‘la main succulciito’. Tho analgesia, as already 
described, renders tlio patient exceptionally Uablo to minor injuries, 
and tho poor nutrition of tho hands delays liealing. Ulceration, 
whitlows, and necrosis of bono aro not uncommon Gangrene rarely 
occurs. Tlio scars of former injuries are usually evident upon the 
palmar surface of tho fingers 

Syringobulbia. 

The meduUa may bo involved by upward extension from tho spinal 
cord, or may be tho initial site of tho disorder. In the latter case tho 
onset of Bjnnptoms may bo sudden or gradual. Trigeminal pain, 
vertigo, facial, palatal, or laryngeal paUy or wasting of the tongue 
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may be the presenting syinploni. The pbj'sicdl signs of eyringobulbia 

haTB been described above. 


Morvan'a Disease. 

Jlorvan, in 1S83, desenbed theoccurrenco of painless w }iitIo\\6 upon 
the fingers of both hands (Fig. 69). Similar lesions have also been 



Fio 60. A case of Mon-aa'e aliscaso, uith low cf tlie terminal 
portions of llio fingers. 


described on the feet, and cutaneous ulceriition may occur. Pain is 
not always absent. Tlicsetrophiclesioaflaroassocialedwitlnniucular 
wasting of the hands and dissomted sensorj’ loss over the upper 
extremities and sometimes over tho feet. Morvan's disea?>e is n rarity 
and is now usually regarded as a foim of syrijigonijolia in which., 
trophic symptoms are unusually promiuent, alUioiigh neuritis lia.s 
been described in the peripheral nertes in one case. It is po&iiblo 
tliat bonie examples of Ulorvan’s disease ate duo to elodj-splasia 
rather than to syringomyelia. 

Associated AbnorTnalitics, 

A iargemjjiibsro! a^wtvmahtieshateheen sie^enhed in assochtioa 
with syringomyelia, occurring either in affected individuals or in 
members of their famihes. Bremer has recently drawn attention to 
the following anomalies: deformities of the etcmiim, kyjihoscoliosis, 
a difference in the size of the breasts, increase in the ratio between 
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arm and body length, acrocyanosis of the hands, curved fingers, cir- 
cumscribed sensory disturtences, enuresis, and so-called stigmas 
of degeneracy, such as anomalies of the hair and ears Common 
abnormalities ^\hich may bo added to Bremer’s list include cervical 
rib, spina bifida, and pes cavus, nhilo acromegaly is an occasional 
complication. Light brown pigmentation cither in spots or diffuse 
sheets often witli a segmental distribution is not uncommon. 

The Cerebro-spvuil Fluid. 

Tho ccrebro-spinal fluid usually shows no abnormality. Exception- 
ally, however, tho enlargement of the spinal cord may be sufficiently 
gicat to cause obstruction of the subdracliiioul space, and when this 
occurs tho fluid may present the features associated with spinal sub- 
arachnoid block, especially tl»o high protein content, with or without 
xantliochromia. In such c.iscs blockage of the spinal subarachnoid 
space may bo demonstrable by Queckciisledt’s tost. 

Diagnosis. 

Tliero is little difficulty m making a diagnosis of syringomyelia 
when tho disorder is advanced, smeo the association of wasting and 
trophic lesions of tho hands with extensive dissociated sensory loss, 
and syTiiptoms of pyramidal lesions in the lower hmbs is highly 
distmctivo. Tho diagnosis is much more difficult in tho early stages 
Intramedullary tumour of the spinal cord may' closely simulate 
syringoinjelia. As a rule, however, it progresses more rapidly and 
blockage of the spinal subaraclmold space, witli resulting changes in 
the cerobro-spinal fluid, is likely to occur much earlier. The samo is 
true of extramedullary spinal tumours with the addition that pain 
is usually a more prominent syinirtom in the case of this lesion than 
in syringomyeha. Haeinatomyelia, though it may produce similar 
symptoms to ayringomyeiia, develops acutely. Sloreover, when tiie 
cervical enlargement is the site of haeiuatomyeha, impairment of 
all forms of sensibility, including appreciation of light touch and 
passive movement, is much commoner tlian in syringomyelia, except 
in tho very late stages It must be remembered that haemorrhage 
into a syringomyelic cavity constitutes one form of haematomyelia. 
Progressive muscular atrophy may simulate syringomyelia when it 
begins with wasting of the small muscles of the hands.fcspecially 
when the pjTamidal fibres to the lower limbs are simultaneously 
involved. Sensory loss, however, is absent as a rule, and if present 
is slight and transitory. In piogressive muscular atrophy muscular 
fibrillation is almost constantly present and ia frequently wide- 
spread, wliereas in syringomjelia it is exceptional. Cervical rib may 
cause symptoms which resemble those of the early stage of syringo- 
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mjelia and tho dUtmction between tbe two is rendered difficult by 
the fact that they may coexist. Pain along the ulnar border of the 
h-and and forearm is a common result of cervical rib, but rare in ' 
sj-ringoinj elia, and it ia iisual for the latter coinlition to como under 
observation at a stage at which sensorj* loss jwssessea an extent larger 
than can be attributed to a cervical rib. Poroneal muscular atrophy 
IS (Ustingnished from syringomyelia by' the fact that muscular wasting 
of the lower limbs precedes tbatof tho upper. The trophic symptoms 
of Raynaud’s disease may simulate syringomyelia, but the dissociated 
sensory’ loss is abaeni in the former, while in the latter the attacks of 
blanching of the fingers observed in Kay naud’s disease do not occur. 

Syringobulbia presents htttc difficulty in diagnosis when the 
medullary lesion is an upward extension of cervical syringomyelia. 
^Vhen it occurs alone, however, it must be distinguished from other 
lesions of the medulla. Thrombosis of the posterior inferior cere- 
bellar artery, which usually leads to sensory loss similar to that found 
m syringobulbia, is distinguished by its acute onset. Tumours of tho 
medulla may closely simulate syringobulbia, especially as symptoms 
of increased intracraniai pressure may bo slight or absent, but 
extension to the pons, leading to para1y!>is of the external rectus or 
of conjngate ocular deviation and to facial jiarcsis, is common in tho 
case of medullary tumours and rare in syringobulbia. Frogreseiro 
bulbar paby b distingubbed by tbe absence of sensory loss. 

Prognosis. 

The course of syriogotnyclu is pregivssivc, though pcogrcas is 
frequently slow and renibsfons may occur, so that the {Kttieiit's 
condition may remain unchanged for years. A sudden intensiiUa* 
lion of symptoms may' Iw prcxhiml by liaciuorrhage into a syringo- 
myelic cavity, and uccasioiially distension of the .spinal coni may 
bccomo so marked as to produce a coinplcfc transverse lesion lead- 
ing to paraplegia. Both of the^c events, howeser, are exceptional, 
and sufferers from syringomyelia frequently live many yc.irs, de.ith 
occurring cither from bulbarparalyeis, lending to broncho-pneumonia, 
or from some other interruimit infection. 

Treatment. 

The mOi^t cficcthe treatment ofay ringomy din is X-r.ay irradiation 
of the affected region of tho spinal cord and mcdulb, w hich w as first 
introduced in lOOo. Almost all the symptoms may bo consiilerably 
reliev cd. Pain may be much dirainUhcd, tbougli temporarily intensi- 
fied after e.icli treatment. Tbe area of seiHory la«a may’ Ito reduced 
and muscular power improved. Trophic ch.ingcs respond esjwcially 
well and improvement in tbo circulation of the extremities may* bo 
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expected, w ith diminution of hyperkeratosis. Tlio healing of trophic 
lesions is accelerated, and they are leas Uablo to occur after treatment 
than pieviouslj’. Although the majority of patients respond well to 
X-ray iriadiatiun, d few prove refractory. Surgical trccitmcnt may 
exceptionally ho rcciuircd, especially foe tUo relief of tevero pain or 
when Iheio is evidence of blockage of the bubaraclinoid space. In 
such cases the alfected region of the spinal cord may bcdecompies'cd 
by laraiucctoiny and additional iclicf from pressmo may be obtained 
by incising the posterior asjiect of tlio coid. This operation, however, 
has a high mortality rate, as jiatieiits with synngomjeha stand 
anacsthetfea badly and there is cuiisiderablo risk that paralysis of 
the diaphragm may lesult from jiost-opeiativc oedema of the cord 
Massage, jiassivo moieinenis, and ie-cduc.itiotial exercises aic helpful 
ill impixivmg nutrition of the limbs and m maintnimug voluntary 
power. Trophic lesions will mpm-o opproprwte local triMtmcnt. 
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0. JIYELODYSPLASIA 

'Myelodysplasia' is the term employetl by Fuchs to describe d 
condition which ho believes to bo due to incomplete closure of the 
neural tube iu the embjTo It is frequently familial and sometimes 
hereditary and in some respects resembles syringomjclia. Unhke 
tlio latter condition, however, it is non-progressive. The symptoms 
usually indicate a disturbance of function of the lumbo-sacral region 
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of ihc .'piiial tord, though otlipr parts may be alTccted. Mjcly- 
d^rjilasia i* cloioly related to spina bifida, Mith which in fact it may 
be a.v>ociated. In the former, iioucTCr, tho spinal c-ord appears to bo 
principally affected, in tho latter the caiida equina. 

LuiubO'ivicral m}clod>splasU has been held rci>ponsiblo for a 
\ancty of disturbances which arc frequently familial. Tho following 
arc the principal mptoms: iiii]Kunuent of spliinctcr control, leading 
csjiecuUy to enuresis ; deformities of the feet, for example, jics cavus 
andsvTidact^ Ilsin oCtiie toca; wasting of the luuscica below' tho kne'es, 
with im]><iirmcnt of the anhie-jerks; dissociated se'n.-<ir3’ Ios» of a 
s^nngomjehc character o\cr the legs; ond trophic dUtiirUmc'es of 
the feet, siieh as delated healing of wounds, ehroniu ulceration, and 
gangrene. Spina bifiiLe is Miiiictimcs, but not alua\s, present, 
ifereditary gangrene of tho fitigera has been .ittnlmted to ni\elo- 
di-splasia of tho ccndcal region of the spinal e-onl. 

Myelodysplasia is distmguished from syTingomycIu by the fait 
tliat it is frequently familial, by its non-pn>gre*s.dce character, and by 
Its jm-dojuinant incidence o{x>n the ioucr limbs. OfJier cause's of 
muscular wasting and of tropliic lesions of the ft%'t’ must W cxiluded, 
especially peroneal muse-ubir atrophy, |>olyncuritis, tabes, and gan- 
grene of \nscular origin. 

Tho spinal defect u{>on which the syuiptoins dcfxrjtd ht non* 
progrc»4•i^ e, but there is a tendency* for tro]>Iuc lolnns to occur and 
the fiaticnt may be progrcssiccIyerippUd by ihe.''e. Lc'atli mayoccur 
front septicaemia. 

X*niy irradiation of tJio affected region of the spuud lord may be 
tnid, but uthcrwLo tre.itment U sy-mptomatic. 
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10. SPINA lUFIDA 
Stjnijnijin-. ItachltcbUis. 

Dtjinttion'. Incoinjihte cluNUre of Uio lertcbral raiul. which is 
Usually secondary to a similar anomaly* of the spin.d coni. 

Aetiology und Pathology. ' 

In the early embryo tlw nervous system w reiireacnlcd by the 
neural groove, the lateral folds of whiili unite dorsally to form the 
neural tube. An arrest in this imjitsvs of developnunl liads to 
defective clusuro of the mural tube, ossoeintcd with a similar defv'ct 
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ill tho clohiiro of the bony \ertcbral canal — spina bifida. A number 
of varieties of spina bifida arc described, differing in respect of tlic 
naturo and sc\ enty of the spinal defect In the severe forms a sac 
jirotrudes through tho \ ertcbral ojiening, which yields an impulse on 
crying and coughing, and compression of Inch m tho infant mcreascs 
the ten-sion of tho fontnnclle The sac may contain meninges only — 
meningocele, in more 80 % ore cases it contains both meninges and tho 
flattened, ojx;ned spinal cord — myelocele or mcningo-inyelocelo In 
such cases, when the cutaneous lovcniig is incomplete, there may bo 
a discharge of ccrcbro-spinal tlmd. Very rarely tho central canal of 
tho coni IS clo.scd hut dilated — syringomyelocele In tho least severe 
cases there is no protrusion, but a defect m the laininul arciics may 
be jKilpablo as a tlcjircsbion, uhicli is sometimes covered by a 
dimple or a tuft of hair fspin.^ bifida occulta) t^pina bifida is not 
uncommonly hereditary. 

The commonest site of spina bifida h the iumbo-sdcral region 
Occasionally it w found in the dorsal region, very rarely m tho 
cxTVieal In lumho-sacral spina bifida tho spinal cord frequently 
retains its foetal length and extends as low as tho sacrum. Tho 
flattened curd and ncrvc>roots are oflen embedded in a pad of fiit. 

has described tlio occtirmice in association with spina bifida 
of a filiro*cartilaginous band compressing tho cauda equina Spina 
bifida is not uncominonly associate with other congenital abiiormali' 
tics such as hydrocephalus duo to tho AmohUCliian inalfonimtion 
of tho medulla, occipital meningocele, baro lip, and cleft palate 
There may bo general jibysical hypoplasia, with some degree of 
mental defect Severe degrees of spina bifida are incompatible with 
survival, the victim being stdlbom or survivmg birth only a short 
lime. Paralysis of tho loner limbs is usually present in tho latter case. 

Spina Bifida Occidla 

Spina bifida occulta may give rise to no symptoms and may be an 
accidental dibcovery in the course of a routine examination. It is of 
considerable clinical importance, however, since it sometimes gives 
rise to symptoms, the cause of which is not immediately evident. 
In such cafics a careful investigation of tlio history usually shows that 
Bjmptoms were present at an early ago, though improvement may 
hare occurred, to be foJJowed by a reJajr® carJy adult Jife. Such 
a relapse may bo due to the effect of growth in causing tension 
upon the lower end of the cord and cauda equina, which are anchored 
at an abnormally low level, or to th& compression of these structures 
by fat or by the band described by l,m. The symptoms are those of 
a chronic lesion of the cauda equina, though frequently one function 
js more conspicuously affected than others. 
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\Veakne.-.3 of the lo«er iimljii may bo pre^ent. Frwjiieiitly it Jiaa 
been notol that the patient was slow in learning to walk and »raUvcd 
clumsily at first, ihiscular wwrting and w eakncas may be present in 
the muscles below the knees, irith impairment or lo?=3 of the anUe- 
jcrks and contracture of the calf muscles, leading to pcs cavus. 
Sensation may bo impaired over the cutaneous areas innervated by 
the lowest sacral segments, leading to tho characteristic saddle- 
shaped area of analgesia over the buttocks and jiostcrior surface of 
thethighs. Paini3usuallyinc«n>picuous. Sphincterdisturbancesare 
often prominent. Enuresis may be present, either constantly or in- 
termittently, from infancy. It is frequently stated that the jiatient 
was late in gaming control over the bladder as a child, and this ma}* 
never haie become complete. Frequently nocturnal enuresis is 
a&ociated irith precipitate micturition by day. Le»s frequently 
retention of unne develops. Jancko has dcAcnbcd a sib^liip in which 
enuresis occurred in several generations and was aiwodated with 
spma bifida in those members who were evaminod radiograpliically. 
Tlie rectal sphincter Is less often affcctctl, though constipation, or 
le^ frequently, incontinence of faec-es may occur. Jtnjnteuce may 
be present in the male, either from the beginning ofsexual life or aRet 
a period of normal potency. Troptiic changes are conspicuous in some 
ca>^ and are rarely altogether tacking. In milder taocs the feet are 
usually cold and ejanosed, and cotaneous injnrion aro slow in healing 
and tend to lead to ulceration, not only of the feet but also of the 
analgesic skin of the buttocLa and thighs. Gamn-cno of the toes may 
occurandarthropatiiicshavelici-n described in the feet. Lci^acommoQ 
abnormalities include global atrophy of one lower limb, trophoedma 
of one lower limb (Leri), sclerodcrmia, mcIanoIciiccMlcrmia, and 
cutaneous naevi. 

Cervical spina bifida occulta may be associated with symptoms 
resembling syringomyelia in Uic upjxr limbs, with wasting and 
trophic disturbances in the lumds, and dissociated sensory los». 

The cerebro-spinal fluid as a rule shows no abnonnality% though 
lumbar puncture may be difficult or impovMhlc at the usual level, 
owing to the spinal canal being filled with fat. R«<Uography shows 
defectii o fusion of the laminal arches in the alfectcd region. Lipiodol 
after cisternal injection may' be arrested at an abnormally high lei cl 
and it may be pos»ib]c by this method to demonstrate the con- 
stricting Imnd de&cribcd by Leri. 

Diagnosis. 

Tbo diagnosis of«evcre forma of spina bifida with a protru<lingfsic 
is easy. Spina bifida occulta, howoicr, is rcpeateilly- missed, chiefly 
because it is not borne in mind as a possible cause of the symptoms 
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of \vhich tlio patient complains. AU cases of enuresis for which no 
cause can bo found, especially when prccipitato mictuntion occurs 
by day, should be carefully invest^ated for the minor symptoms of 
spina bifida in the lou cr limbs, and radiograms of the lumbo-sacral 
spine should be taken. The more severe symptoms of spina bifida 
require to bo differentiated from those of a tumour of the cauda 
equina, while, when trophic lesions are prominent, it is necessary 
to cxcludo Raynaud’s disease and thrombo*angcitis obliterans. The 
fact that m spina bifida symptoms havo usually been present sinco 
birth is an important diagnostic x>oiiit, and the rarity of pain and 
non-progressiro cliaracter of the symptoms w ill help to exclude a 
tumour. The paroxysms of ischaemia characteristic of Raynaud’s 
disease are absent in spida bifida and the arterial pulse is not reduced 
in volume, as is the caso in thrombo-angeitis obliterans, X-ra}' 
examination of the spine affords confirmatory ovidenco. 

Prognosis. 

Sufferers from the more sevcie degtecs of spina bifida do not long 
survive In the case of spma bifida occulta, altliougli no improve* 
ment can be expected in the condition of the spinal coid and rerte* 
bral column, considerable functional improveuiont may follow appro* 
priate treatment, especially in childhood. In selected cases benefit 
may follow operation. Spina bifida occulta docs not usually shorten 
life, though occasionally death may occur as a result of infection 
of the urinary tract or septicaemia follow ing seveie trophic lesions. 

Treatment. 

Considerable improvement may he expected from appropriate 
inodical treatment of the various symptoms. Massage, electrical 
treatment, passive mo\cment8, and exercises may improve power 
in the low er limbs. Tenotomy may he requireil to correct deformities 
of tbe feet. Hnuresis will frequently respond to belladonna, which 
should bo given in full doses of the tincture or in doses of half a grain 
of the dry extract as a pill. Retention of urine will necessitate 
catheterization. Trophic lesions should bo treated by rest and 
appropriate local treatment. Operative interference should bo con- 
sidered w hen disabling symptoms are present, especially in adult life. 
In such cases benefit has been derived from the division of a con- 
stricting band, as described by Leri. Little can bo accomplished 
surgically when the caud.a equina is embedded in a pad of fat, but 
even in such cases some benefit may follow tbe relief of pressure by 
laminectomy. There is evident that absorption of cerebro-spinal 
fluid may occur in the sac of a meningocele and o.xcision of tlie sac 
may intensify an associated hj-drocepbalus. 
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n. MYELITIS 

i)fyini<ion: InllanuiiAtioii of the opinal coni, usually involving 
both the grer and the ubite matter, in a consiclerablo {uirt of its 
transverse extent. \Vhcn the lesion is limited longituiUnnlly to a fen* 
segments, it is described as transtersc ni^chtis; when it spreads 
progressively upuards, as ascvndmg mjelitw. 

Aetiology. 

The commonest cause of myclilU Is syiihilU (seo pp. 3i»G-7). Less 
frequently myelitis may be duo to participation of iho coni ill acute 
or subacute enccphalo-mvcUtU, for example, acute disseminated 
encephalo-mjelitU, disrcmioalcd myehtU and optic neuritis, and 
acute dbicicQuoatcd cncephalo-myclitis complicatmg vaccination, 
small-pox, measles, cliicken-por, or other sjiccUlc fevent, and rarely 
cnccpbahlis Icthargica. The virus of herpes zo«ter may xometimes, 
b;) extension, cause a tnnuvervs m^ebtu, ns also may the viruses 
of acute autcrior poliomyelitis and l>'mphoc)'tic choriomeningitis. 
Myelitis may be the tir>.t clinical inanifeslatiou of di.'ocminatcd 
sclerosis. 

31}ehluinay be due to infections of the coni svith p^genJo organ- 
L«ms, uhicb may reach it through a penetrating uouitd, by exteriMoa 
from Osteomyelitis of an adjacent vertebra, by inuani spn‘ad from 
pyogenic nuningitu, c.g. nieniugocvccnl mcningitU, or through the 
blood-stream from n focus of iofecUon in any ]t.irt of the body, the 
latter being the route of infection when myelitis complicates typhoid 
or abortus feicr. Tutictculous myelitis may follow tuberculous 
caries of tho spine. Toxins which rarely cau'O uiyehtis mcludo 
spinal anaesthetics and sulphamlanitde. 

Tliero remain a few cases of myelitis for which no caunu can l>e 
found and which probably constitulu a fonn of acute dLssMitm-tted 
cnrephalo-myehtU. 

Patholo^’. 

To tlic naked eye the spinal cord at the site of infect lull, which is 
uauaUy the lower dorsal region, exhibits Oedema and hyperacuiia, 
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and in severe cases actual softening — ^myelomalacia. Microscopically 
the leptomeninges aio congested and infiltrated \vith inllammatory 
cells. The substance of the cord exhibits congestion or thrombosis 
of the vessels ^^lth perivascular inflammatory uifiltration, and 
oedema. There is degeneration of the ganglion cells of the grey 
matter, of the 1113 clin sheaths and axis cylinders of the white. The 
cord is diffusely infiltrated with inflammatory cells and with com- 
pound granular corpuscles. Tliere is a hyperplasia of neuroglia. 
Ascendmg and descending degeneration can bo traced in tlie long 
tracts. Abscess of the spmal cord is a very rare form of localized 
myelitis. The pus is to a variable extent encapsulated and, as 
it tends to spread longitudinally', the abscess usually assumes 
a spindle shaiie. When myelitis is due to pyogenic organisms, these 
may bo demonstrable in films or on culture, and sphochactes 
may bo present in the ayjdiiUtio form, but in m3'clitis forming 
part of acute dissemmated cuccplialo-myclitis and in tho foim 
which occurs sporadically no infecting organism has yet been 
demonstrated. 

Symptoms. 

The onset of symptoms 13 acute or subacute, and not uncommonly 
thoro is some p3 rexia. There is usually considerable pam iu the back 
at the level of the lesion. Flaccid paralysis, partial or complete, then 
do>clops more or less rapidly, being confined to ])art of tho trunk 
and tlio lower limbs when the dorsal region of tho cord is the part 
involved. Sensory loss, which may be complete or incomplete, is 
present and U8uall3' exhibits an upper level corresponding to tho 
segmental site of the lesion. There may be a zone of hyperalgesia 
intervening between the area of sensory loss and that of nonual 
sensibility, and tho spuie may be tender m this region. There is an 
impainnent of sphincter control, often amounting to ooinpleto para- 
13 sis of tho bladder and rectum. The tendon refiexca are usually at 
first diminisiicd or lost, and the abdominai reflexes are lost below 
the level of the lesion. The plantar reflexes may he absent for a few 
da3's after tho onset and later become extensor. In the ascending 
form of m3'elitis there is more or loss rapid upw ard progression of 
tho level of paral3'8is and sensmy loss. 

Tho ccrebro-spinal fluid usually contains a considerably hiercased 
protein content and an excess of cells, which are polymorphonuclear 
m cases of p3'ogenic myehtis, but usually exclusively’ or predomi- 
nantly' mononuclear in other forms. Queckenstedt’s test usually 
indicates an ahsenco of obstruction in tho subarachnoid space, except 
ja rare cases when meningeal adhesions develop. The Wassermann 
reaction is negative, except in syphihtio cases. 

uu 
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Diagnosis. 

The rapid onset of the symptoms of a transverse lesion of the 
spinal cord usually renders^ the diagnosis easy. Jlyehtis is ihs* 
tinguished from Landry’s paralysis and from acute infective poly* 
neuritis by the presence of extensor plantar reflexes, and of partial or 
complete sensorj* loss with a segmental upper level. Hnematomyella 
develops more rapidly than myehlia; it usually involves the cervical 
enlargement and causes greater damage to the grey than to the 
white matter of the cord. Syphilitic mj'elitis is distinguished by 
the history of infection and signs of cerebral syp^“Ii®» when these 
are present, and by a positive Wassermann reaction in the blood 
and cerebro-spinal fluid. When inyehtis forms part of an attack of 
acute disseminated encephalo-m 3 elitis, symptoms of cerebral Ic-sions 
may be pr^nt, and in the cases following vaccination and the 
specific fevers the causal condition b usual!)* readilj' discovered from 
the history. In disseminated myelitb and optic neuritis the diagnosis 
is clear when the latter precedes tho former. Otherwise it must 
remam m doubt untd optic neuritis develops. When m^vbtU com* 
plicatcs acute anterior poliomychtis, the patient exhibits in addition 
the tj’pical atrophic paralysis. In xostcr myelitis the diagnosis Is 
established by the characten»tic eruption. Though disseminated 
sclerosis may bo suspected as the cause of a transverse lesion of tho 
spuial cord, especially in a young adult, Uus diaguosU can only bo 
catabUslied if there is a history of previous and characteristic lesions 
of the nervous system, or if signs of tbb— for example, pallor of the 
optic disks or nystagmus — are present. M) ehtb can be attributed to 
infection with p) ogenic organisms only witen a focus of such infection 
caw be found elsewhere in the body. 

Prognosis. , 

The prognosis depends upon the nature of tho infection and Its 
seventy. Pyogenic myehtis is usually fatal, and so is tho ascending 
form. Any form of myehtis which is sufficiently* severe to lead to 
a complete functional mtemiptiou of the cord is a very gnivo con* 
dition owing to the nsk ofdeath from urinary or cutaneous infection. 
In myehtis forming part of one of the various fonns of acute dts* 
seminated cnccphalQ.myeIiti3 the prognosis is often good, and if 
the {utient survives the acute attack a large degree of functional 
recoveo" b the rule. In sporadic eases of myclitb a giLinied prognosb 
should be given in view of the possibility that tho cord legion may' 
be tbe first symptom of disseminatot sclcrosb. For the prognosis of 
syphihtic myehtb aco p. 399, and for that of acute dLsacminated 
myehtb with optic neuntis see p. 48S. 
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Treatment. 

The general tre<atment of tho patient mu»t be carried out ou the 
lines indicated for the treatment of paraplegia ; see p. CIO. Tliere is 
little evidence tliat drugs influence the lesion of tho coid, but iodide 
may promote the absorption of inflammatory exudate. Analgesics, 
including morphine, miU bo required uhen pain is severe. For tho 
treatment of syphilitic mjehtis see p 399, and for that of acute 
disseminated iu)clitia Aiith optic neuritis sco p. 488. 
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12. SENILE PAUAPLEGU 

Progressive paralysis of tho lower limbs Is not uncommon in old 
ago. Tliough tho limbs may be extended, they aro more often floxed 
and contractures frequently develop. As Cntchley has pointed out, 
beniJe parajilegia may be the result of lesions in several situations. 
The lesion may be cortical, consisting rarely of a primary degenera, 
tion of the pyramidal fibres descending from the leg aieas, more 
often of bilateral vascular lesions within tho distribution of the 
anterior cerebral artery. Subcortical vascular lesions mvolving both 
pyramidal tracts may be tho cause of paraplegia, but in such cases 
the upper limbs are likely to be affected also, and pscudo-bulbar 
palsy or cxtrapyramidal disturbances, such as Ptirkinsonism, are 
ofteJi present. Tho paraplegia may bo duo to softening of tho spinal 
cord, secondary to atheroma of tho spinal arteries, one form of 
myelomalacia. Lhcrniitto and Lejonno have described a form of 
paraplegia occurring in old ago and duo to sclerosis of the muscles 
of the lower limbs. This progressive ‘myosclerosis’ or ‘sonde myo- 
pathy’ is tho result of hyperplasia of tho connective tissue of the 
muscles, which are hard and tender and develop contractures. 

The usual treatment of paraplegia must be carried out (see j) 610). 
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13. L-INDUY’S P^UIALYSIS 

Sijnimijm'. Acute asccnilliig {Kiralybis. 

l)ffimHon:.\ s'^iulroino of unknown tut probably variwl actiolugj', 
clianictcrizcKl by tlaeciil iMiral^&is begituiing in the lower limbs and 
spreading upwanls to mvolve tbe upiicr limbs and finally the bulbar 
mid rc<jnratory muscles. 

Aetiology. 

Little more is known about tlie aetiology of tliis luro syiidromo 
tli.in when it was first desinbcd under the uanio 'iicutc ascending 
jwnilysia’ by I..riudry in iSoO. Eighty per c-cut. of the {ici-soiis 
nile< teil are males, and most cases occur l»ctwefn llie ages of 20 and 
30 , tbough cases Iinco been reporicil below' tho ago of 10 and after 
lliungouffiO. Undoubtedly a number of diirerent causes can proiluco 
this climral picture. In epidemics of {loUomyelitU soaio caj*es nro of 
tins kind, .\c-uto infcctn c (lolyiicuiitisutso iiuiy bo indistinguu»h.iblo. 
Uuulry's jiaralysis may occur in luc-aales and Ocnnnu measles. In 
n\TO eases rabies in tn.m takes Iho fona of acute ascejidimj jiaral> sis, 
and dis'emmatc'd ecIcro^U, as in ono cjisc of tho w riterV, may temu' 
iialo m this w.ay. Tiio bito of tlio Rocky MounUins wood tick, 
Deniiaceiitor andersoiii htiles, may cause aeccnding iMialysis, pro' 
Mim.ihly by mc.ins of a toxin siiicotlio luitient recovers when tho tick 
IS remoicd (Gibbea, lOSS). Iii somo cases, therefore, tho symptoiivS 
are duo to tho iinusion of tho nervous system by an organism, in 
others probably to n toxin. In a miiaII number of oases a micro- 
coccus has been isolated from tho blotsl of allectoil iudhidu.als 
ntid has produced jiaralyau after injeetkm into nnimnls. 

Pathology. 

The pathologic.!] iliaiiges in tho nervous ay stem may' lie extremely 
hhght. llyiH-rnciiiM of (ho !>phml tonl isuau.dly’ \ isihio to tho miked 
eye .Microsco]>ically the moot eoii.spicuous ehivnges are dcgciier.it ive, 
c-onsliliiig of ihromatolyais of the ganglion cells of tho sjiinal csml, 
with degeiKTaticm of the periplirml iicrvea,e<jii'(J.'illy of their myelin 
ahe.xtb*. !n niosl dus’s ]<cmaaeuVtrinfiUnition in tho ajiinal c-onl is 
m«>n»piiuoiM, hut lascs have Ueii tlc'CnlKsl in which tlieso iiitiT- 
at it ad (liniigc-a Iniio been pnuiiuieiti and tho Iiislologie.'il picture has 
rcMiiihKsI that of .sc uto anterior poliomyiblis. 

Symptoms. 

Jlio oii'Hl may la> iihriipt, but Is more usually gradtui, being 
preixsh'd by muhuMjund often by bcnsoryaymptoms, such ns juraes- 
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thcsiae, juiiis, numbness, and aching in the back and limbs. Some- 
times t liero are sjauptoma of meningeal irritation. FoTcr ia sometimes 
present, but is often absent. Tlie motor symptoms consist of flaccid 
paralysis nitli loss of tlio tendon reflexes. This usually begins in the 
loucr limbs, but occasionally starts elsonhcro. It spieads upwards 
with more or lossrapidity.aQccting the trunk and intercostal muscles, 
the up|)cr limbs, and flnaJly the bulbar muscles and the diaprhagm. 
In some cases ophthalmoplegia and facial paralysis occur. It has 
often been noted that in the luubs the weakness appears more 
marked in the pro.ximal than in the distal muscles, so that feeble 
movements of the fingers and toes may persist when the limbs are 
otherwise paralysed. SmiOarly the respiratory muscles may bo 
relatively less affected than tboso of (he h'liibs. Jltiscukr wasting is 
usually absent, though it is occasionally observed and the rc.iction of 
dcgciieratioii is present in the wasted muscles. The plantar reflexes 
may be lost, but if elicitablc aio flexor. Tbo spliinctera are relatively 
little affected and may e*caj)e altogether. In some cases, however, 
retention of urine may necessitate catheterization. Sensory loss is 
usually absent and if present is slight, but tlicro is often tenderness 
of the muscles and ]ieriphcral nerves on pressure. Cervical rigidity 
and Kemig’s sign may be picsciit Enlargement of the spleen has 
boon observed in a few cases. The cerchro-spina) fluid is usually under 
mcicased pressure, but may ho otherwise normal. In a few cases a 
plcocytosui has been ilcscribcd, which is usu<)U>’ mononuclear, but 
in one of tbo WTiter's eases was jiolymorplionuclear. Slore frequently 
the prolem of the fluid is increased, sometimes very greatly so, and 
the fluid IS yellow or brow n and clots spontaneously. 

Diagnosis. 

In Landry’s jiaralysis the disturbance of function is practically 
confined to the low cr motor neurones Since the same is true of some 
cases of acute xwlyuciiritis, a distinctionbetween these two conditions 
13 possibly artificial Acute transverse mjchtia is distinguished by 
the fact that the resulting flaccid jKiiaij’sis is associated with extensor 
plantar reflexes and with cousitlcrahlo loss of all forms of sensibility 
below the level of the spinal lesion. Jjandiy’s paialysis may bo a 
manifestation of poliomyelitis and this should bo suspected when a 
case oc curs during a poliomyelitis epidemic or w hen there isa Ij mpho- 
cjtic pleocytosis in the ccrebro-spinal fluid. The form of Landry’s 
paralv sis due to rabies can only be distinguished from other forms 
during life if there is a liistoiy of possible infection by a rabid animal. 
TJje true nature of the infection may, however, bo demonstrated 
post tnorkin either histologically or by the experimental inoculation 
of ammals. 
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Prognosis. 

Tbe mortality rate is higii, for from 60 to 80 per cent, of affected 
mdiriduais die. Death usually occurs from respiratory paralysis, 
less often from broncho-pneumonia. In rapidJ 3 ' progressive cases the 
patient maj' die on the third day of the illncs.s. More usually in 
fatal cases death occurs between tbe sc%'enlh and fifteenth dajs, 
but maj' be delaj cd as long as six weeks. Recoverj', w lien it occurs, 
IS usually complete in about three months, though occasionalh' a 
relapse occurs. Rarely there are reaidual ucaknes.s and wasting of 
certain muscles. 

Treatment. 

Treatment is necessarilj’ purely siTuptoniatic, and much depends 
on good nursing. \Vlien the respuatorj' muscles aio affected tho 
patient luiut be placed in the position iiio>t favourable to respira- 
tion and the weight of tho bedclothes taken hj- a cradle. Frequent 
clianges of posture are desirable. Foot-drop must be comlMt^ by 
placing a sandbag beneath the soles or b^* the use of light splints. 
Catheterization will be needed if retention of urine occurs, and tbe 
bow els should be kept open by means of mild operients and cnauatA. 
On the assumption that the patient is suffering from an infection 
or intoxication of tbe nervous system, daJ^* lumbar puncture 
sJiould be carried out. A sedative «iU probably be rwjuir^. 5for. 
phine is contra-indicated in tbe presence of respiratory paralysis. 
Phcnobarbital in l-grain do^es is an efficient and harmless sedative. 
A£])irin may be used to relieve tbe pains in tho hmbs. Atropiuo 
IS useful to prevent accumulation of bronchial secretion and bhoiild 
be gi>en subcutaneously m conjunction with strychnine, .\rtificul 
respiration with the Drinker or Bragg- Paul respirator may be 
required when the respiratorj- paral^'sis becomes severe. 
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CHAPTER XV 

INTOXICATIONS AND DEFICIENCY DISORDERS 

. I. ALCOHOL ADDICTION 

Aetiology. 

xVlcohol addiction is a sjTnptom of many different mental disorders 
and every case requites careful psychological investigation It is 
more common in males than in females, is rare before the age of 20, 
and most frequently occurs in middle life. A parental incidence of 
alcoholism is frequently present, and there is a history of alcoholism 
in one or both i>arcnta of 30 per cent, of patients admitted to institu- 
tions for inebriates. Alcoholism may bo a s^iiuptom of loss of self- 
contiol associated r\ith tho early stages of dementia, due for example 
to general paraij’sis or cerebral arteriosclerosis. It may occur in 
schizophrenia or in the manic-depressive psychosis. In some cases 
of dipsomania the periodicity of tho outbreaks of alcoholism is duo 
to a periodically recurrent depression in an individual ^^ith cyclo- 
thymia. Alcoliol addicts uho are not frankly psychotic are usually 
neurotic and take alcohol as a means of escape from tho difficulties 
of life. Business worries and domestic unhappiness are common 
secondary causes. The alcohol is usually taken in the form of spirits ; 
and the alcohol addict may also bo a drug addict. 

Pathology. 

The prolonged consumption of alcohol produces degeneratuo 
changes m the central nervous system and in the peripheral nerves, 
Mhich in their general features are similar to the effects of a large 
vancty of other toxic agents. Tlie brain is atrophied and microscopi- 
cally there is degeneration of the ganglion cells of tlio cerebral cortex. 
Tho large- and medium-sized pyramidal cells frequently exhibit 
‘central neuritis’ or primary cytolytic degeneration (Pearson) 
Degeneration of the middle lasers of the corpus callosum is said to be 
characteristic (lilarchiafava, 1933). There is an increase in the 
capillaries and a second.ary ghal hyiierplasia. Haemorrhages are 
common. In cases of polyneuritis tho peripheral nerves exhibit 
degeneration of their myelin sheaths and sometimes also of tho axis 
cylinders. There is evidence that the neuritis both central and peri- 
pheral is not directly duo to tlie alcohol, but is caused in part at 
least by deficiency of vitamin B 1 (see p. 712). Similarly alcoholic 
pellagra occurs. Alcoholism is a predisposing cause of ‘pachy- 
meningitis liaemorrhagica interna’ which, at least in tiie majority 
of cases, is now recognized to be a subdural haematoma of traumatic 
origin. 
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Symptoms. 

Acule Alcoholic Intoxication. 

The action of alcohol upon the iicr\'OU3 sjsteni ia paralytic, the 
highest functions being first affected, TUa earliest sjinjitoiUB of 
intoxication, therefore, are those of altered behaviour, and the 
social value of alcohol in moderate doses rests Upon its power of 
paralysing those inhibitions which manifest themselves as shyness 
and of reducing, in the individual who takes it, his capacity for 
criticizing his own utterances and those of others. In larger doses 
it produces irregularities in conduct, the nature of which dejiends 
upon tlie temperament of the individual, who may bo excited, 
voluble, combative, depressed, or iiiaudlm.-TlicrO is inijiainncnt of 
memory, especially for recent events. At tho same time co-ordina- 
tion suffers and articulation bccomea impaired; tlie conjunctivac 
are congested , the pupils are usually* dilatc<i but may* bo contracted, 
and there may be some unpainneut of tlie pupillary reaction to light ; 
diplopia may occur. In still laiger doacs alcoJiol produces uncon- 
sciousness, and finally death, through cxleoston of tho ^uralysia to 
vital (enti'cs 

The relationship between the ateoliohc content of the blood and 
the state of tho nervous system is variable. Bogen’s (1932) correla- 
tion of the blood content with the iOiiditiun of the drinker is an 
approximate one: 

Lcas tlian 1 mg, per ec. of blood 

1- 2 mg 

2- 3 mg. . 

3- 4 mg. .... 

4- 5 mg. .... 

more tiinn D tng. 

Pathological Drunkenness. 

In certain mdividuals, esiwcmUy those who have suffered from 
lieail injury or organic lesions of the brain, a comparatively* snmll 
dose of alcohol may rapidly produce the symptoms of acute in- 
toxication. 

Dehrium Tremens. 

The precise cause of delirium tremens is still uncertain. It is nio-st 
frequently seen as tho result of a prolongnl debauch in the chronic 
alcoholic, but may* be precipitated in such an iiulividual by* acute 
infection, or operation, or an accident. Tlie sudden deprivation of 
alcohol undoubtedly* plays a part in causation in iionio caws. 

Tho onset may be acute, hut there is often a prwlromal jicriod 


dry and decent 
dcLghtcd and dcvdisli 
delinquent end disgusting 
dizzy and delirious 
dazed atid dejected 
dead drunk 
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of iiervousncbs, anorexia, and uisomnia The charaeteristio symp- 
toms are tremor and acute confu^on, accompanied by hallucinations, 
mIucJi are principally visual. Tljo tremor is coarse and generalized, 
but is most evident in the face, tongue, and hands. The jiatient is 
comidetely disorientated and experiences visual hallucinations, 
M Inch usually assume terrify iiig forms, csjiecially animals Auditory 
hallucinations may also be present, and cutaneous bensations may 
bo interpreted as insects crawling under the skin The emotional 
mood is usually one of terror, and the patient m.iy attempt to escape 
from his surroundings and may attack with violence those around 
him. In addition to theso nervous disturbances, symptoms of a 
severe toxaemia arc present. Slight fever is not uncommon, and 
albuminuria may’ ho jirescnt The tongue is furred, the jiulse 
rapid, and cardiac dilatation tuny occur. Delu-iuin tremens runs an 
acute course, and in most c.ise8 recovery' occurs m Oircc or four days. 
In the small percentage of eases which end fatally, death is due to 
heart failure from exhaustion, or mtcrcurrent iinoumoiiia 

Acute Alcoholic Hallucinosis 

This condition occurs in chronic alcoholics, either developing 
gradually or coming on suddenly after unusual excess. It is cliarao- 
tcrlzed by hallucinations which, unlike those m delirium tremens, 
are predominantly auditory and arc often associated with delusions 
of jiersccution. 

Dipsomania 

In true dipaomaitia the patient has recurrent drmking-bouts, the 
craving for alcohol suddenly developing after a period of abstinence. 
ThLs condition is to be distinguislicil from pscudo-dipbomania, in 
w hicli a clironic alcoholic exceeds Ins usual consumption of alcohol. 

Korsalow's Psychosis 

Korsakow’s psy chosia, though most frequently the result of chronic 
altoholism with polyneuritis, may be due to other causes (see p 896). 
The characteristic feature of Korsakow’a psychosis is a disturbance 
of attention and memory which leads to the disorientation of tlio 
patient in space and time. His memory for recent events is lost, and 
ho fills the gap by confabulation, that is, the invention of a purely 
imaginary past For example, a patient who has been bedridden 
for weeks describes with a wealth of detail a w-alk which he took on 
the previous day. Many clinical varieties of Korsakow’s psychosis 
have been described, chiefly in tenns of variations of the emotional 
mood which is usually euphoric. 
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.Umholic Dementia. 

Prolongeti Addiction to alcohol leads in man}’ coses to progressive 
mental deterioration. There is nothing diatmetho in the nature of 
the resulting dementia, vliich is characterized, like other dementias, 
bv imjiairmcnt of memory and Intellectual capacity, emotional in- 
stability, moral deterioration, and carelessness \rith regard to dre.s3 
and person Delusions may be present, a delusion of marital in- 
fidelity being particularly common. 

.•\lcoholie dementia may be associated with dysarthria, tremor, 
sluggLih pupdlarj" reactions to light, and muscular weakness. 

The full clinical picture of alcoholic polyneuritis may bo present, 
but even m the absence of this the teudon reflexes arc likely to 
be lo«t in the lower limtis. 

EpiUp^y 

Epileptic fits arc not uncommon in chronic alcoholism and are 
indistinguishable from the convulsions of idiopathic epilepsy. The 
convulsions of absinthe drinkers are duo to the presence in the drink 
of the roimiNant drug thujone. Hoir other fonns of alcohol cause 
epileiay ts unknoini. 

PdijncuritU. 

The symptoms of iwlyDcuritis which may complicate any form of 
chronic alcoholHin arc described on p. 713. 

Diagnosis. 

The diagnosis of both acuto and cliroiiic aleoliolic iMisoning pre- 
sents little difiicuUy if a ccliablo history is uvailahlc. Tlio early 
stages of acute nlctdiolic intoxication must bo distinguished from 
the cfTctU of acute lesions of the iicr\'OHs Bjstcm, especially those 
following head injury, and a smell of alcohol in the breath is not 
proof that the symptoms are due to intoxication. TJio dingnosi.s of 
alcoholic com.i is desenbed on p. 303. Tlio clinical picture in delirium 
tremens is highlydistinctivc.tlioiigh I h.i\csecn it exactly simulated 
by t'erebral thrombo'iis involxiiig tlic frontal lobe. The history, how- 
ever, and a careful examination of Uic nerx'ous sj stem will Bcttio the 
matter. Kors-ikow's psychosis may be associatcil w ilh focal cerebral 
Icsioiw as well as with non-alroholtc forms of poljTieurili*, and these 
must be (listinguisbol from alcoliolism b^' tbo liistorj’ and clinical 
features. Aleo!u>lic dementia iiiu>t Ixi dLstinguiahed from general 
{virahsu. history of alcoholic cxcctut does not necessarily mean 
that this is the cause of tlio dementi.*, as alcoholism may tonipli- 
uite general. jkiral^ sis. In doubtful cases the cerebro spinal fluid and 
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tho blood ^Vass>ernianu reaction should bo examined. In general 
paralysis characteristic abnormalities arc present in tho fluid, and 
tho Wasserniann reaction botli in this and in tho blood is positive. 
In arteriosclerotic dementia genraal arteriosclerosis is usually con- 
spicuous, and there are frequently a history and signs of focal 
cerebral vascular lesions. 

Prognosis. 

Tho prognosis of alcohol addiction dciicnds uj)on (he underlying 
cause and tlie stage at which treatment is begun. When the habit 
is the expression of a psychotic or a seriously unbalanced personality, 
or when there is a strong hereihtary tendency to alcoholism, the 
outlook is bad. A history of previous ‘cures’ and relapses also makes 
the outlook unsatisfactory. The mortality rate of Korsakow’s psy- 
chosis is from 30 to .TO jier cent In mild cases recovery may bo 
complete. In more severo cases and ca.scs of long standing there is 
likely to be some permanent mental cnfeeblcment. 

Alcoholic dementia runs a slow course in most cases, lasting for 
years. In the early stages withdrawal of alcoliol leads to marked 
improvement, sometimes to complete recovery In long-standing 
cases the braiu has been permanently damaged and recovery is 
incomplete. Exceptionally tho course is miicli more rapid, and m 
a fmv weeks or uiontlia a rapidly progrcssivo dementia terminates 
in coma and death, often preceded by a terminal hyperpyTcxia. 

Treatment. 

Acule AkoJioUc Intoxiealhn. 

Tho stomach should be washed out and a pint of strong coffee 
should be given by the stonj.acli tube. If the patient is much col- 
lapsed, 2 grains of caffeine-sodio-salicyJato and IjUdth grain of 
strychnine sulphate should bo given subcutaneously and may be 
repeated as necessary. 

Alcohol Addiciion. 

The successful treatment of alcohol addiction requires thorough 
supervision, so that the amount of alcohol taken can be completely 
controlled. If the patient is to be treated iu his o\vn home, reliable 
nurses will bo required. Often treatment can only be carried out 
successfully in a nursing home or institution Complete and per- 
manent abstinence from alcohol is tho aim, but alcohol should 
never bo suddenly withdrawn The daily dose should be tajiered, 
and m most cases the withdrawal can be accomplished within 
a week. Delirium tremens or other acute confusional states may 
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folloH- su.lden willnlrawal. The ^wticnt U gvM-v^ the following 
mixture: 


11. Tmct. citicliotiae . • - • • . SX 

Inf. giiUuUJ. CO. cone. ♦ • • • . HI. x 

Liquor, fctrjLliiiiriAo iiilnU. Icr. iv lul 1 oz.) . . j 

Cljetrin fl- sx 

•tq. 0(1 J ot; llirce o «I*»y, in waiLf. 


and ^ulK-utaIlcolI9 iiijcctioni.of htrj-clininc nnl atropine aL^o tbrKo 
daih after nitol^ For the injections the folloutiig solutions are 
eniplouil. 

btrj-clmino niimtc ... gr. iv nd 1 oz. 

.ttropme Miliiluito . . . gr. j ud 1 o/_ 

beginning with 2 minims of the funner and 1 minim of tlic latter. 
The dose u slouly inrre.-i.-M.tl until & minims of the funni-r and 
4 miniiusof the latter Iiuvo been reiu-hitl and then gradiinIJy rwdiicvtl. 
These niicetioru nro gi»cn for six weehs. Sedative drugs may bo 
rctjuirttl io addiiion, and it will usually I>e nctrssary togivoadosoof 
bromide and eldoral at night to cni-uro sleep. During the peri'll of 
treatment a enn-fu! pnchologkal investigation miifrt be uarried out 
to awerlain the prescrn'c of any underlying psycho.!.-* or neiironli, and 
in siiitablo camw the {kttient^hould reevho psyihotherajiciitjo trtat* 
mcnl. Tlie nites^ity for <-om|>Icte and ix'rm.iii(nt nlmtincneo tnujit 
lio impret-M-d ujmii the iMticiit, as the slightest Ij)>m‘ in tills re^iwrt 
may U* fulloucd by a ri-ia|ir« into the lulnt. 

Dtlirium Trtmens. 

Thu siiiTmT from delirium tremens ^llOuld lio treated o-s a patient 
with a Mwere toxaemia involving not only the nervous but ul.su the 
i.iniiov.-uruLvr svetcni. Every efTort must be m.tde Ihtrcfure to keep 
him 111 Ixxl, and lui odeqtulv supply* of cxjjcricnecd mental «ur*a*s 
H inclii]iens.vbli>. It u umK-vs'*-s.»ry to give alcxihol, but the patient's 
stniigtli inu-it 1 k> maint.iiiusl by a light and tiouitshing diet given 
at fn'(ju«nt inUrv.vls, it bnsU purge bt iiig given at Ihi* on-s-l of the 
atUck Full do-MW of Ksiativi's will be requircvl; if the pith nl will 
su allow he kliould U; given |HitA.s.-iuin bromide, gr. xx, and plunobar* 
bital. gr j. every four hours until the tleluiuiii Ugins to abate, ortho 
attack m.ny Uj tut »hort by aii iulravtuous injection of 3 cc. of a 
10 pr cent. Milutiuii of uodium vvi^sin or 2 c.c. of p-nioctuii. 
Heart f.ulurc iiuy !« eomlxitnl by digiUhs by the mouth, by stni- 
pliAiithin intr.tv tnoui*ly, ur by* * aulKiitaiK-oiis injectiou of camphor 
or ciinnunc. In severe toscs lumbar puncture at an larly* sUge may 
dunuu-di the estitcmcnt. 
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Acute AkohoUc Ilalhicinosts. 

Hallucinosis should bo treated on the saino Imea as delirium 
tremens. 

Dipsomama. 

The sufferer from dipsomania should bo urgeil to rcj)ort to his 
doctor as soon as ho experiences the slightest return of the craving. 
If lio can be persuaded to do this he sliouid be treated in bed uitii 
small injections of apomoqihine, !/40th to l/20th of a gram being 
given twice or threo times daily. The doso should bo largo enough 
to cause slight nausea, but it is unnecessary to cause vomiting This 
treatment vuU check (iic craving and sboulil be continued until all 
dcaire for alcohol has passed away. If the patient is not seen until 
ho is in the middle of the dnnking-bout, a larger dose of apomorphmo 
should bo given in order to induce vomiting. One-twelfth of a gram 
is usually sufTicieiit for this In addition to causing vomiting this 
has a markedly sedativ e effect The patient is subsequently treated 
with smaller doses by the method described for aborting an attack 
A sedative should be given at night 
A/co/iolic detnenfia and A'orsaiotr’s jK^^ychosis must bo treated by 
the methods described for alcohol addiction and polynountis 
Tho treatment of alcoholic poli/iieurihs is described on p. 715. 
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2. DRUG ADDICTION 
General Considerations. 

Drug addiction may be defined as tho habitual use of a drug in 
order to modify tho personality and to diminish the strain of life. It 
is usually charactenzed by tolerance, craving, and the development 
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of K■^cre sTOijiloiiH wn tlcjirivntion of the drug. Drugs of acMictioti 
include oii'ium ami its derivatives, morphine, Iieroin, cucodal, ami 
ililaiiilid ; ewaine. Indian hemp, mescal, the barbiturates, bromides, 
chloral, akohol, .and allicil substances such as ether and paraldcli} de; 
bciiKxlrine and tLjroid cslmct. 

t’< rtain groujis of these drugs pos^e^s distinctive features. 

( 1 1 Tlie opium derivatives evokea high degree of tolerance « hii h is 
associated with severe deprivation symptoms ami the spet'jfic tosic 
ciFect-t of the drug u jon the addict arc relativ ely slight. 

(2) Cocaine gives ri<o t<> httlc or no tolerance and deprivation 
bjTuptoms arc dight or absent. 

(3) The synthetic h.V|motirs .vnd bromides tend to protlucc their 
usual toxic ciTccis in the oddiet. 

(■I) Tiic picture of nlcohid addiction also is often complicated by 
toxic s;tmploRU, and its rc.-uly availability renders the {isyrhologic.d 
n'lect of .vic-ohol addiction exceptionally complex. 

.MoBfi/i-ve Asn JIckoi.v wli>wcTto.v 

Aetioloiiy. 

I1ie morphine and licrom addict often acquiree hb habit as a 
ri'Niilt of tlic legitimate adminUtration of the drug for tho RUof of 
pli>>i<Al (uin. .\i tolerance dcvrIo|M, mere.ising iloses aro reqiiiml 
fur thu puqxLso. .\ftcr a time be tinds that ho is iinahlc to relinquish 
the drug wrthoul developing the syroptomv of deprivation destnbed 
IkIovv Moreover, to avoid this, he requires increaring ilanvi, so tliut 
he may neeil 10 grains, or even more, a day. Morjdiine givea the 
addict no jileasurallo sensations. .\» Dc Quiurey vrroto; ‘Opium had 
lung ceased to found its empire upon spe lU of pleasure ; it vv aa solely 
hy the turtutvs connccteii vtith the attempt to abjure it that It kept 
Its hold ' Very few, however, who receive narrotics for the rebef 
of juin iKoomc addicts. The drug, lKSitde.s relieving {Kiin, blunks thu 
etigo of re.ilily. To the jwychologicAlly unstable therefore it affonls 
a way of i-scapo from life’s diflicuhics. tlAving experienced the 
sedative cflecls of morpliinc, they eoutiuue to take it for thu relief 
of metital pain or dbtre^s and are thus fettered to their habit by 
a double teiiil, jisy chological and physiological. Adania cU.'<«ifira 
a*Micls iu four groujw: 

1 Stabilized addicts w bo may lead UMifuI lives on a ilxixi dn». 

2 .tiTulcntal aildicts, not nccc.v..vnly jisycbojiathic, who have 
often ucquinxl ndilktion through treatment of a painful disease. 

•3. N.vtiira] addicts, CMeuttaily {Hychopathlc. 

4. Cruiiimvl addicts, who take tn drugs for vicious purjiosos. 

Doctors and nufM-s form a roiMdenblcjiropnrl ion ofn>ldicts, since 
they have rcoily access to llie drugs, itcsblcneo m .i country where 
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they are readily obtainable may also facilitate the acquisition of the 
habit. Tlic number of drug ad^cts in the United States is b<iid to bo 
100,000, in Canada 8,000, and in Great Britain 700 

Symptoms of Addiction. 

The addict undergoes a progressive mental deterioration, with loss 
of interest in his environment, of iutellectual cfliciency, and of self- 
respect. Ho becomes quite untrustworthy, and will commit almost 
any crime to obtaiuasupply offaisdnigif ho is faced by the prospect 
of deprivation. Plij-sically he presents a picture of chronic toxaemia, 
including the speciHc symptoms attributable to tiio pharmacological 
action of the drug. He is wasted and shows trophic changes in the 
hair and nails. Tho pupils at© usually contracted and react sliiggishly 
to light. Tho alimentary tract suQers severely'; the appetite is poor 
and constipation is alwaja present. Tlicro is sovero fatiguabdity 
and muscular weakness, with frequently some ataxia Tho pulse is 
of small volume, and the extremities are cold Slight alhuminuna 
may be present. Carelessness leads to infection of the skin at the 
site of tho injections, and the resulting scars are usually to be found, 
while in some cases abscesses or ulcers uiay be present when tho 
patient conics under observation. 

Symptoms of Deprivation. 

Tho addict who is suddenly deprived of his drug exhibits a highly 
characteristic train of symptoms As the tinio for his usual injection 
passes ho becomes restie&s and apprehensive, and yawning and 
sneezing develop, being followed by the symptoms of an acute coryza 
Ho feels cold and contraction of tho smootli muscles of tho skin 
produces tiio appearance described as ‘goosc-licsir Later ho com- 
plains of cramps in tho abdomen, back, or lower limbs. His face is 
contracted In his distress, perspiration is excessive and muscular 
spasms and twitching occur, most violently in the lower extremities. 
There is often a general tremor and tho patient may bo violent m 
his demands for the drug. Later vomiting and diarrhoea occur and 
lead to <a stage of complete collapse, which may even terminate in 
death. 

Many explanations of the symptoms of deprivation have been 
proposed. The most plausible is a modification of Dixon’s ‘release’ 
theory. Since morphine depresses many autonomic functions toler- 
ance must involve the bahancing of increasing doses by a progressively 
higher ‘gearing’ of autonomic functions. When the morphine is 
suddenly withdrawn the autonomic nervous system ‘races’ like a 
motor-car engine when the clutch is suddenly thrown out. Never- 
theless, psychological factors must also play a part since it is said 
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that in prisons, where abrupt withdrawal without medication is the 
rtile, severe abstinence symptoms are rarely seen. 

Treatment. 

Xot every drug addict requires treatment. Stabilized addicts 
leading useful lives on a fixed dose, especially when past middle age, 
are often best left untreated. 

Ttvo alternative met hods of treatment atcinco/union use — gradual 
tapering and sudden withdrawal of the drug. In both cases the 
essential feature of the treatment is to cover the symptoms of 
withdrawal hy the administration of large doscs of ilrugs of the 
belladonna group. The gradual method has much to commend it in 
that it can be accomplished with very little discomfort to the patient, 
and patients thus treated appear to be Icas hable to relap-o. hich- 
ever method is pursued the patient must be completely isolated, 
prefcrablj’ in a nursing home, and the assistance of nurses experienced 
in dealing with this type of case will be requiretl. Care must bo taken 
to see that bo has no access to supplies of the drug during his treat- 
ment, and it U important to know accurately the amount he has been 
taking. 

If the gradual method is to be used, the patient is given the 
following mixture (Scott's modiBcatioo of Lambert's mixture}: 

B. Tinct. bcUadoooac 2 ports 

Ext. lijoscj'aim hq. .... 1 part 
tVater 1 port 

At first 3 niiniius of this mixture are adniuiistercd in a capsule 
every boor during the day, and the dofO is increased daily, at first 
gradually and then more rapidl3', until symptoms of l«lladonna 
intoxication make their appearance. TJie addict Ls often extremely 
tolerant of belladonna and may be able to take one draclun of the 
nuxtorebourlywithout any sjrmptoins appearing. It is not essential 
that belladonna intoxicatJoD should occur. On the first day the 
accustomed dose of morphine is administered at the usual time. 
This maj' be halved on the second da^' and is subsequently* gradually 
reduced as the condition of tlie patient permits. Towards the end 
of the Withdrawal salme mjections arc substituted for some of the 
daily doses. If slight symptoms of depression occur a small supple- 
mentary dose should be ^veo. Phcnobarbital in large doses, gr. 
ui-v, is given at night, and during the la'^t few days of withdrawal 
additional doses of phcnobarbital may be needed during the day. 

Drastic purgation is not required, but doses of purgative adequate 
to ensure a daUy evacuation of the bowels should be given. With- 
drawal of the drug should be complete in about ten days. The 
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luixturo is stop2>cd on tiio foUouing day, und Uio nigiitly doses of 
plicnobarbital gradually reduced. 

If the method of sudden withdrawal is to bo used, the patient is 
given his usual doso of inorpbino for the tlrst twenty* four hours ami 
during this jKrical ho also reccRcs a purgative doso of calomel, 
follow ed after eight liours by a saline ajicrient. At the end of tw entj’- 
four hours tho inorphiuo is stop^iod and troatnicnt with li^oscino 
Jijdrobrouiido is begun. Tlio iiaticnt receives liyiiodennic injection.^ 
of this dnig at four-iioiirly inter vals,^s foliow s ; ilosea of} 1200th 

grain; tbreo doses of 1/lt^th grain, and three doses of 1/lOOtli grain, 
each doso accoiujunicd by ]/40th of a grain of strychnine 'i\vo 
hours after tho last injection of liyosciue l/6tii grain of pilocarpine 
nitrato is injected, and this doso is rcjicatcd four times at hourly 
iiitervalfl. Tho jicriod of tlio lijosciiio treatment lasts for tinrty.six 
hours, and if, when its effects dis.ip|>car, there aio still symptoms of 
morphine deprivation, largo doses of phcnobarbital uro given, or a 
single dose of J grain of morphine sulpimto. The patient will 
require sedatives for three or four dajs, the total period covered 
by the treatment being about ten da>s. 

Other substances which nro ustnl to cover tho withdrawal are 
insulin and dlphcnylinetliylpyrazolonyl (Rossimn). Autoscrothcrapy 
with blister Iluid (ilodtno's method) or whole blood has also been 
oiuplo>od, 

Tho nftcr*trcatmctit of tho luorpliino addict is impurtaut, if a 
relapse is to bo prevented. Convalesccnco under mcilical 8U|«rvision 
biiould last for threo months. Any ]KxuifuI condition wbiclt has 
necessitated morjihino in (ho (M.st sliould as far as possible bo 
ivjntxlied. I’sycbothcrajiy may bo required to combat an underlying 
neurosis. It is desirable that tlio [Kiticiithhould ubstauifroin alcohol, 
which predisposes to a relapse. 

CoaMNK Auuictios 

Cora leaves are cliewed iji South America for their sedative effects 
and their jwwer of abolishing fatigue. Cocaine as a drug of aildiction 
may ho injected subcutaneously, drunk as coc.v wine, smoked, or 
taken as snuff. It acts to some extent as a sexual stimulant and is 
stated to produce a sense of internal peace. Addicts suffer from 
mental deterioration, and, in severe cases, from coiifusional insanity. 
Hallucinations, especially of insects crawling under the skin, are 
common, and epilepsy may occur. Cocaine sniffing may lead to 
ulceration of the nasal septum. Addicts irho are suddenly deprived 
of cocaine do not suffer, like luorpliine addicts, from severe depriva* 
tion symptoms. Treatment, tliereforo, is not required to counteract 
these, but is similar to tho after-treatment of tho morphine addict. 
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Cocaioism, however, is much more difficult to euro than morphiue 
addiction. 
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Tub SvhTiicTic HYPhOrics 

Barbital, sodium barbital, pheoobarbital, chlomi, sulphocial, 
and allied drugs may be taken os drugs of addiction, either alone or 
with morphine, and .iddicts become tolerant of enormous doses. All 
these drugs produce similar symptoms, both in cai>csofaciite iK>i:>on> 
ing and in addicts, though som^have in addition individual ])Ocu- 
hantics. 

Acute Poisoning. 

Poisoning with barbital and Us derivatives may occur as u result 
of an acadental overdose, or the drug may be taken tnlii suicidal 
intent La^e dosCs rapidly produce coma; tho pupils are usually 
moderately thlatcd and may fail to react. Tlie extremities are cold 
and cyaoosed. Resipiration is rapid and ehallow, and the pulso U 
rapid and feeble. The plantar redezre may bo extensor, as in deep 
coma from any cause. Tiie tendon reilcxcs are usually dimiuished 
or lost In slighter cases ofitoisoning tho |>aticut is mentally confused 
when roused; speech is d^sarthric; tho lunbs arc tremulous and tho 
gait u ataxic. 

The stomach should bo washed out. and a pint of strong cofTee 
should be given by tho stomach tube. Tho cerebrospinal fluid should 
be well drained by lumbar puncture. Largo doavs of strychnine, at 
least 1,6th grain on hour, are given; tho patient being carefully 
watclied for stiychnine poisoning, until consclomoicas returns. Rc> 
spinitory and cardiac failure is treated with coraminc, 5 c.c. being 
given intravenously and repeated aa neccsoary. 

Addiction to the Synthetic Hypnotics. 

IVbcn taken habitually these linigs lead to mental deterioration, 
dy sarthria, ny stagmus, muacular wcaknu.'a, tremor, and inco>ordiua> 
tion. There is usually considerable emaciation. Veronal and sub 
phonal may lead to hacinatopor|diyruiuria and polynouritls. Chloral 
lias a markedly toxic effect on the beari and on the skin, causing 
reddening of tho face and a papular eruption. Treatment is crirried 
out on the same hues os for morphine addiction. 
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CinioNio Bromiuc Imtoxication 
Chronic broimdo intoxication laay occur as a result of addiction, 
ivliicli is rare, or in consequence of tlio prolonged adimniatration of 
bromido for thcrai>cutic purposes. It is therefore most often en- 
countered m patients ^\ho are suffering from neurosis, hyperthyroid- 
ism, or epilepsy. 

Bromide tends to replace tlio chlorides in the body and a greater 
amount of bromido w ill be aUsorbed by a person u ith a low chlontlo 
intake than by one ulio is taking larger amounts of chloride. The 
blood bromide lc\cl is sv rough index of tho degree of intoxication, 
though individual susceptibility varies greatly. Tho normal level of 
bromido m tho blood is under 3 nig. per cent. According to Barbour, 
Pilkingtoii, and Sargant (1030), levels of under 100 ing, per cent, can 
usually bo ignoicd, those between iOO and 200 mg. per cent, are 
likely to bo associated with symptoms of intoxication in elderly 
patients or in those with impaircil cardiovascular or renal deficiency, 
and levels of over 200 mg. per cent ptoduco s^iiiptoins in most cases. 
There is evidence that broinulc, like chlorido, is excieted into the 
stomach and so may be reabsorbed. 

In mild cases the symptoms are largely subjective and consist of 
depression, fatiguability, inability to concentrate, loss of memory, 
lack of appetite, and poor sleep. In more severe cases the mental state 
is usuall}' one of confusion with some disorientation. The occurrence 
oftcrrifyinghallucinations.cspcciallyat night, is rather character istic. 
Phj sical symptoms are variable ; when severe they consist of slurred 
speech, tremor and ataxia of the upper limbs, a staggering gait, and 
diminution or loss of the tendon reilcxcs. In more severe cases 
still the patient becomes stuporose. Tlie rasli usually regarded as 
characteristic of bromide intoxication is frequently absent. 

Tho bromide must be immediately discontinued and tlie patient 
given increased sodium chloride by the mouth or, in severe cases, 
intravenously. Restlessness is controlled if necessary by paraldehyde 
Qc by small doses of a barbiturate. 
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AciJoJojly. 

Ttio ncnoiM Mnniitom^ of p]unibL->iii nru due to iliruiiio 

uith lead. liKltLstritl lead |N>i»»iuiig was nt ime time 
niinnion. but ha.^ nou Ixra mlutval by Icgidativc r<Mtricticm<i. ra-ad 
liDMUiu)^ D<-cun<, huMcwr, (.■'{HH.ially amon;' pIumlK-M aivl 
luiiitcni. Ill such laM-H the pnticiit.il route of Absorption of the Kmi! 
\* probably by the di^<Rtuo tmet, though muho nuy enter the liotly 
thro(it:h the limps. Wafer uhUh haa {uamsI throupli lead pi{>e^ ia 
.nnoec.X'^iijn.'tltsjurecoriKiixitiiiip.aiidbeerandiidcriuaybciiinuUrly 
contAininattsi. Tlio llr>t glass uf Ihex* ite\ crapes, nhich hoa >>tayr<l 
in A lead pijieal] night, U p.-irliciilarly f>oisoiious. In children suclanp 
lead |iaint Is thciximmuiie.st raiiseofitoisoning. Casnictinteonlaimnp 
lea<l nrv an (HCA'icin.'iI totureoof |Nilsomnp, Hliicb may alxi follmv the 
<w- of lead ubtAinctl fruen diachylon ploAler aa a licniiu'iniidu aborti- 
faciint. la^ad tctrua-thyl U n bisbiy |ioi«onutis 4ulu>t.-inuc nhich baa 
caiiMsi cn(vphaIop.itliy in the Cnite«l Staie!i. It is tJM?d in &m.ili 
qinintUica in Mime fonnsof|ietrul. In chronic Irail ]K)i]>onlnp, tut Atdi 
andliufclluu luiiVcn liAVCAhuwn,tlo |«‘retnt. of the lead Mitturrd in 
the bones us insoliibltf pbuspbats*. ‘lhl« lcad^to^aguU f.uiliiAt<sJ by a 
tint rich in calriuiu. In xIaU-s uf acidosis the storisl lead U rclciMsl 
into the blwal-strcAin, ami its exendiun m ibu tam*s and unno is 
iiuicii imn-AM-d. Hunter and Aub (lUiiI-7) haio situnn tlut inubili* 
oalion and exen tion of Icatl can t>o ftimil.irly effixtis] by {virathy* 
roiil extract (]iaratlioniKmc). llio itmlno iniibiluatiun of lead may 
ptvcipitalv an attack of 4-iKrpliali>p.ithy, The rv.searihca of Aub 
have thrown new light ujtoii the nature ofito-e.vllcd ‘neuritU’. It h-ia 
long Ixs-n known that in this isnulition ilia niusetea jvirulyMsI me 
usually tliiMO most uxsl in llio|iali«iit'.s uceu{hitii)n. Kcznikotf and 
Atib (1 11 i7)havcexiM'nmcntAllyprutlucciii>cIcctive muscular jHindysU 
in nninuLs with Icail {loisuniii); by fat^uinp tetlain miiMka. lliey 
behove that lactic acid hbcr»te«l iti thoinuMli'a by their cuntractiuii* 
IraiLs to the focal forrnation uf lead acetate fmin the lead phosphate 
m the blood, and that from iho lead aixiato insoluble lead phos> 
phalo IS pnripitatesi in the musrIe-cclU. This funn of Icail jaNy 1* 
thus expidUieil a« due nut to neuritis but to a local ]sn.s<iiting by 
le.vil of the niii-sclcs which are uwd must, a nVw j«il ferwant hy 
Tixld in l>oi. 

I’atholo^', 

Ihrre i* iniuh ex{ifnincnlaleiiilrn<« tiuvt h-ii) i>oi*oiunp pm hue 3 
a M-Irrtue clegfiicralion of tl»c pxngliun irlU of llie iiemms •yiinn, 
and this is most markfs] in the spinal rorl. .Mott lia« drscnlasl 
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similar changes in clironic lead poisoning in man. Chronic cerebral 
symptoms and local and general progressive muscular atrophy in 
lead poisoning arc, therefore, probably duo to degeneration of the 
ganglion cells of the cerebral cortox and of tho anterior horns of the 
spinal cord respectively. Buzzard and Greenfield stale that in acute 
lead encephalopathy tho brain is jialc and oedematous, ivith an excess 
of fluid ill tho subarachnoid spaco. They regard the symptoms of 
lead encephalopathy as duo to a spasm of tho cerebral arteries, and 
the climeal picture has much in common with hypertensive ence- 
phalopathy*, hut there is evidence that tho ganglion cells may bo 
directly affected and that meningeal irritation may also occur. 
Beasons Jiare already been given for attributing tho symptoms of 
so-callcd lead ’ neuritis ’ to into.\ication of the muscles. Degenerative 
changes have been described in tho periphery of the nerves inner- 
vating such muscles, but they may well bo duo to ascending de- 
generation. Experiment suggests that lead lias no direct action on 
tho peripheral nervo. 

Symptoms. 

^cuie Bncephalopailiij. 

This is an acute cerebral disturbance characterized by convulsions, 
dclinuin, and coma, often associated ivitli papilloedcma and some- 
times irith cervical rigidity. The ccrebro-spmal fluid frequently sliow s 
abnormality ; its pressure is increased and there is <vn excess of globu- 
lin and of celts, Mhich in adults are usually )ym]ihocytes, though m 
children polymorphonuclear cells may bo present. An increase in 
the sugar content of the fluid has also Iwcn described and tlio presence 
of lead m it has been demonstrated. 

Chronic Encephalopathy. 

Mental changes and epilciitiform convulsions havo been observed 
as cliromc manifestations of lead poisoning. Primary optic atrophy 
occasionally occurs. Laryngeal palsy is a rare symptom which has 
been described by Gowers and by Harris, who saw a case of bilateral 
abductor paralysis. 

Lead 'Neurilis', 

This condition, for reasons already given better described as lead 
myopathy, usually affects th© extensor muscles of tlie wrist and 
fingers, as a rule bilaterally, though tho right side may suffer alone, 
especially in right-handed individuals. Wrist- and iinger-drop occur, 
and the loss of synergic extensioii of the wrist causes weakness of 
flexion of the fingers. The supinator longus muscle escapes and so. 
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as a rule, does the extensor Oada metacarpl jwllicis. In the upper- 
arm type of palsy the spinati, deltoid, biceps, bracbialis anticiis, and 
supinator longus niusclea arc affected. These aitj the abductor and 
external rotators of tlie slioulder and flexors of the forearm, and tliis 
distribution of paralysis may occur in workers employing these 
muscles chiefly, for example, in men grinding lead in a mortar. Tiie 
lower limbs are occasionally affected, tlic muscles paralysed being 
those supplied by the external popktea! nerve, irith the exception 
of the tibialis anticua, uliich usually escapes. 

The paralysed muscles waste and exhibit the reaction of degenera- 
tion, but fll^ation and sensory changes are absent. 

ProffreMiie JIvacular Atrophy. j 

Progressive muscular atrophy duo to lead jioisonlng may occur in 
a localized form involving the .small muscles of iho hand, ulien it is 
usually associated with the common paralysis of the extensors of 
the wrist and fingers. I'lbnllation, which is absent from the muscles 
paralysed in load 'neuritis is present in thoso degenerating tlirougli 
the action of lead on the anterior horn cells of tho spinal cord. Rarely 
progressive muscular atrophy becomes geuerahzcd, and cases have 
been described in u hich it has been Associated with signs of degenera- 
tion of the pyramidal tracts. 

OOur Symplom. 

Other symptoms of lead poisoning are of diagnostic Importance. 
The blue line should bo sought on tho gums. There may bo a history 
of colic. There is often a secondary anaemia, with stippling of tho 
red cells — punctate basophilia. Cardiovascular hypertrophy with 
lugh blood-pressure may be present, or tho symptoms of chronic 
nephritis. Gout is a rare complication to-day. In chronic lead poi- 
soning in children X-raysmnysliow a ‘leadline*, a band of increased 
density, at the diaphyseal end of the growing bones. 

Diagnosis. 

Acute lead encephalopathy must bo distinguished from uraemia, 
in w hich there is abrays a high blood-urea content, and from hyper- 
tensive encephalopathy in which the blood-prcssuro is usually higlicr. 
Hlemngitis may be simulated. Lead ‘neuritis’ is distinguished from 
a lesion of the musculospiral nerve by the cscajie of tho sujiiiiator 
longus and by its gradual onset and bilateral dislrihulion. In the 
various forms of toxic polyneuritis, foot-drop is usually' associated 
with MTjst-drop; pain in the limbs is often a prominent symptom; 
and there is usually sensory loas with a ‘glove and stocking ’distribu- 
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tion. Moreover, the bluo line on the gums and other symptoms of 
lead {wisoning aro absent. The progressive muscular atrophy duo 
to lejvd can only bo distingnislicd from other forms of progressive 
muscular atrophy by the discovery of other symptoms of lead 
poisoiung. In all doubtful cases lead should bo sought in tho urine 
and faeces. 

Prognosis. 

Tlie outlook in acute encephalopathy is alHajT? serious, especially 
when convulsions occur, but with modem methods of treatment the 
prognosis has improved and recovery, when it occurs, is usually 
complete. Little improvement is to boexpected in chronic encephalo- 
pathy. In lead ‘neuritis* tho prognosis is good, provided tho patient 
abstains from contact m'th lead. Recovery, however, is usually slow 
and may take one to two years. In progressive muscular atrophy duo 
to lead no improvement is likely to occur but tlio condition may 
become arrested. 

Treatment. 

In all cases of lead poisoning the patient must not only bo removed 
from contact with lead, but must never return to an occupation which 
exposes him to it. If he docs so, relapse is certain. Tho modern 
treatment of lead poisoning b based upon tho physiological investiga- 
tions of Aub and his colleagues, and has been roviowed by Hunter 
(1930). Sme-o encephalopathy and jolsy arc probably secondary 
to tho inobJization of lead in tho blood-stream, a diet rich in calcium 
shoulil bo given at first, to favour storage of lead in tho bones The 
patient should take large quantities of milk, and in addition calcium 
lactate may bo given in doses of 40 grains three times a day In 
encephalopathy ccrebro-spinal drainage should be carried out by 
lumbar puncture, repeated twice a day as long as necessary. Tw enty- 
five to 100 c.c. of 50 per cent, solution of sucrose may be given 
intravenously, or 2 to 8 oz. of 25 per cent, of magnesium sulphate 
solution per rectum, according to ago, to reduce tho cerebral oedema. 
Five to 10 c c. of calcium glucoiuto solution sliould bo given intra- 
muscularly and vitamin D by tlio mouth to aid the deposition of lead 
in tlio bones. After tho acute stage of encephaJojathj' and when 
tho progress of lead palsy is arrested, treatment is directed to tho 
gradual elimination of lead from the body. A low calcium tUet is 
given containing not more than 100 mg of calcium a day, together 
with ammonium chloride in l-gramme doses in a glass of water six 
or eight times a day. Provided there is no nausea or headache this 
treatment is continued for two or three weeks. The ammonium 
chloride by causing acidosis promotes the mobilization and excretion 
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of lead. If symptoms of intoxication appear, the ammonium chloride 
must be stoppoi and a high calcium diet used oueo more. Parathor- 
mone lias been similarly used to elimmato the lead, but is unncces- 
sary. Wnst-drop and finger-drop must be treated by a splint by 
the method described for musculosplral paralysis, and tho muscles 
treated by the methods employed after a peripheral nerve lesion. 
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4. ARSEXO-BENZENE EXCEPHALOPATHY 

Encephalopathy is fortunately a rare compUetttion of treatment 
with arseno-bcozeno dcritatires. It may occur after the first doso 
and is probably* a manifestation of idiosyncrasy. In fatal cases tho 
brain exhibits oedema and small perivascular haemorrhages and, in 
addition, non-haeniorrliagic perivascular areas of necrosis and demy- 
elination (Russell, 1937). Tho onset usually occurs from ona to two 
days after the administration of an intnirenous do'.c. Vomiting and 
headache are rapidly followed by restlessness (Uid delirium, passing 
into coma. Generalized convulsions frequently' occur. In fata] cases 
death usually occurs in two or three days. Lumbar puncture should 
bo carriefl out as early as fiossible, and repeated every few hours. 
Sodium thiosulphate :^ouId be injected intravenously, as desenbed 
for the treatment of arsenical polyneuritis, and an injection of 10 
minims of 1 in 1,000 adrenalin given subcutaneously. Otherwise 
treatment is sy'mptomatic. 
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5. CARBON SIONOXIDE POISONING 

Aetiology. 

Ciirbon nionojJclo poisoning may occur ns tUo result of the acci- 
dental or suicidal inlialatiou of «jal gaa or of gas from a motor-car 
exhaust. Carbon moiioxido may also be present in dangerous 
quantities in the air of coal-mines, especially after explosions. By 
combining with the haemoglobin of the blood to form carboxyhaemo- 
globin, carbon monoxide reduces the capacity of the blood to take 
up oxygen, and so leads to anoxaemia. 

Absorption of the gas is cumulative, so tliat a concentration of 0-1 
per cent will saturate the blootl up to 50 j)cr cent Effort increases 
absorption. 

Pathology. 

In fatal cases the blootl is cherry-rc<l m colour and coagulates 
blouly. Ail the tissues are redtlcncd. There is oedema of the lungs 
and haeuiorrhagcs are found in the pleura and intestinal mucosa. 
Ciiangos in tlio nervous system are of ei>ecial importance and exhibit 
a predilection for the cerebral cortex and the corpus striatum. It 
is said that the globus palhdus is most affected in adults and the 
cnutlate nucleus and putamcn in children. Tiio small vessels are 
dilated, and small foci of soRcning uith infiltration ^>itli compound 
granular cells and perivascular inliltration with mononuclear cells 
are found. 

Numerous theories iiavo been put foruard to explain the changes 
in the nervous system (see ](su and Ch’cng, 1038) Anoxaemia, 
vascular disturbance and peculiarities of blood-supply probably all 
play a part. 

Symptoms. 

JIcNally states that the severity of the s^Tiiptoms can be correlated 
with the degree of satur.ation of the blood with the gas. When this is 
less than 10 per cent there are no symptoms. At between 10 and 20 
per cent. tJio jiatient (.omplains of slight headache and a tight sensa- 
tion in the forehead, and there is a dilatation of the cutaneous vessels. 
At between 30 and HO per cent, there is severe headache, weakness, 
giddiness, dimness of vision, nausea, vomiting, and collapse At 
between 50 and CO jier cent, the patient becomes comatose and may 
be convulsed. Paralysis of the heart and respiration occurs, with 
tachycardia, tacliypnoea, cyanosis, and, in some cases, glycosuria. 

Prognosis. 

In mild cases there is usually complete recovery, but in severe 
cases the patient may remain comatose for days or even for weeks, 
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and on recovery may exMbit symptoms of permanent damage to the 
brain, including aphasia, apraxia, chorco-athetoid movements, and 
Parkinsonism. Polyneuritis may occur. 

Treatment. 

The patient should at once be moved from exposure to the gas, 
preferably to the open air, care being taken to protect the body 
from loss of heat. Inhalations of oxygen should be given and these 
may idth advantage contain 7 per cent, of carbon dioxide to increase 
the pulmonary ventilation, the object being os rapidly as possible to 
replace carboxyhaemoglobin by oxyhaemogtobin. Ifthopatient is un- 
conscious artificial respiration should be carried out by administering 
the mixture of oxygen and carbon dioxide mth a Drinker '.s respirator. 
Suitable treatment for heart failure may bo required. In the later 
stages treatment is symptomatic. 
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G. CAISSON DISEA.se 
A etiology and Pathology. 

Caisson disease, also known as com pressed -air sickness, diver’s 
para]^ sis, and 'the bends’, first made its appearance u ith the intro, 
duction of high-pressure c.aiasons for submanne work. Divers work 
in caissons which are open at the bottom and in which Uie air muat be 
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mamtaincd at a high presauce, usually 30 to 35 lb. to the square inch, 
to balance the pressure of the water, which increases in proportion to 
tlie depth. As a result of the increased air-pressuro in the caisson, 
the tissues of tliose u orking in it absorb tlie gases of tho air. If such 
individuals aro suddenly transferred to nonual atmospheric pressure, 
those gases, especially the iutr(^;en, arc liberated in the tissues in tho 
fonn of small bubbles, in a luaniier ercactly comparable to tho hbera- 
tion of bubbles of carbon dioxide in a bottle of soda \\ ater u hen tho 
cork is removed. Tho nitrogen is especially soluble in tho body fats 
and is thus liberated in large amounts in the nervous sj stem. For this 
reason also fat men are more liable to caisson disease than those of 
spare build. Tho liberation of bubbles of gas causes not only dis- 
ruption of tbo nerve-tissuo but also intcrfcienco with its blood-supply 
througli blockage of small vessels. 

Symptoms. 

Tho first symptom ia usually pain situated m the Ihnbs, trunk, and 
epigastrium, and sometimes associated %Mth vomiting. The pain 
usually begins in tho knees and hips. Headache and vertigo may 
occur and in severe cases the patient may rapidly become coma- 
tose Heiiuplegia or paraplegia with sensory loss may occur. 

Prognosis. 

In severe cases the condition is fatal. In less severe cases recovery 
usually occurs, souiotimcs in a few hours, but disability may iiersiat 
for days, weeks, or montiis. 

Treatment. 

Prophylaxis consists in tlio slow decompression of workers exposed 
to high pressures. When symptoms have developed immediate rc- 
compression is necessary, the patient being placed in an air lock for 
this purpose, and restoration to normal pressure must be extremel3’ 
slou'. Otherwise treatment is symptoraatre. 
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7. ELECTRIC SHOCK 

Pathology. 

The pathological changes produced in the nervous system by 
electric shock are highly characteristic. They consist of chromato- 



684 INTOXICATIONS AIJD DEFICIENCY DISORDERS 
lyais of tho ganglion cells, wide dilatation of the pcrivascuLor spaces, 
holes or spaces in tho brain iteelf due to fissures, vascular lesions 
ranging from focal petechial haemorrhages to actual disruption of 
large vessels, changes in the peripheral nerves such as fragmentation 
of the axones and sheaths of Sebnann, and a peculiar spiral-hko 
appearance of tho muscle fibres. These cliangea may be associated 
with electrical bums of the skin. 

Aetiology. 

There has been much discussion as to the preciso «ay in which 
electric shock injures the nervous system. Tlic heating effect of tlio 
current may sometimes be eu/Bcient to cause severe damaga as in 
legal electrocution or lightning stroke. The importance of tho clcctro- 
Ij-tic effect of the current and of its mechanical effect has been 
stressed by some \vnters, but Pritchard (1034) points out lliat neitlier 
of these agencies could produce tho pathological changes obser%'ed, 
and suggests that in the case of lightning stroke electro-static charges 
on the surface of the body may bo responsible for the disruptiv'o 
changes found in the nervous system. 

Changes in the central nervous system are most likely to occur 
when the current has been apphed directly to the skull. Tho extreme 
vanabUity of conditions is no doubt rc.spousible for the unpredicta- 
bility of tho results of exposure to electric currents. Eleven thousand 
volts may cause only slight injury (Critchley, JD34). On tJie other 
hand forty volts has been known to prove fatal. Death from electric 
shock, houever, is rare, especially considering the risks of exposure 
in civilized life. 

Symptoms. 

A severe electnc shock causes immediate loss of consciousness 
from syncope or concussion. If the patient docs not lose conscious- 
ness there is usually severe pain associated with bizarre sensory 
disturbances, especially visual hallucinations. A typical immediate 
sequel of the shock is a transitory flaccid paraplegia intli objective 
sensory disturbance, both disappearing after about twelve hours. 
Critchley classifies llie neurological sequelae of electric shock as 
follows: (1) Cerebral, (2) spinal, (3) mizc<l cerebro-spinal affection, 
(4) peripheral nerve lesions, isolated or roulti 2 >lc, and (o) psycho- 
logical disorders, hysteria being particularly cniunion. Symptoms 
of an isolated cerebral lesion are rare, but spinal atro^ihic paralyses 
leading to a clinical picture not unlike progressive muscular atrophy 
arc not imcommon. Brachial neuritis may follow a shock to tho 
upper limbs and Critchley desenbes a permanent ixilyneuritic sy’n- 
drome following Lgbtning strdke. . 
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Prognosis. 

Gcncralir^itions about prognosis aro im|>oss'iblD on account of tho 
\ari«i character of tho clinical picture. 

Treatment. 

The fir&t is inunedwte artificial respiration hince by this 

method it may bo i)o«.sib]o to rc\i\o a victim even though tlio heart 
lias apparently cc.isal to beat. It is diflicnlt to hnow Jioiv long arti- 
ficial respiration should bo cuirricd on in tho nbscnco of any rcsixaibc, 
hut tlicrc is somo evidence Uut rcniiscitalioii has been offcctivu 
e\en after a jicriod of three lioiu^. During artificial respiration tho 
goiicrul treatment of thock bhould bo carries.! out, and tlio after treat- 
ment adl depend u{>on tho nature uf the sequelae. 
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8. Ti-rr.vNus 

Dejimiton: Tetanus is an intoxication of tlio nersous system uith 
the oxoto.xin of the tctaiiiis bacillus. It Is ehametcrued by tbo 
progreasivo dc%elopmont of muscular rigidity which is subject to 
paroxysmal exacerbations. 

Aetiology. 

Tetanus is duo to infection with tho tetanus bacillus, a Gram- 
fiodtivo anacrobio organism which bears sjiorcs. Thu spoie is oral 
or rounded, and tiovciops at ono end of tho bacillus, which then 
p^e^ents tho nppoarancu of a ilrumstick. Tlio tetanus bacillus is 
actively motile, its movement bemgdue tofiagclla. Bauer and Filcles 
have shown by immiuiologieal methods that a number of tjqics 
exist, not all of which aro toxic. 

Tho tetanus bacillus is widely dUtributed in Uio soil and is found 
vrv the faacca of many atumala, cs^cially hxitsea, and of a. small 
proportion of normal htimau beings. Tho disease arises in man 
through contamination of wounds with the spores of tho organism, 
esiwcially aa a result of accidents in which road du.st or soil is intro- 
duced into tho wound. Other, less common, sources of tetanus 
infection include vaccination, iafection of wounds by contaminated 
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dressings or catgut, and tho injection of infected gelatine and drugs. 
Tetanus neonatorum, duo to infection of the stump of the umbilical 
cord in newly bora inianis. Is now rare, except in some tropical 
countries 

The mere introduction of tetanus spores into a uoiind is not 
sulHcicnt to cause the disease. It appears to bo necessary that other 
organisms should also be present. Thcie is frequently a foreign body, 
such as a splinter. The tetanus bacilli «lo not spread beyond tlio 
Mound, but they produce an exotoxin, by Mliich the nciwous system 
is poisoned. Animal experiments have shown that the toxin reaches 
the nerii ous stem by a.scGndit)g the axis*cyh'ndcrs of the pcriplicral 
nerves. The Mork of Tcalc and Einblcton has sboun tliat the pos> 
tenor root ganglia act as a filter which prevents the toxin entering 
the spinal cord by tbe posterior roots. Its jiortid of entry is thus 
confined to the anterior roots. Having thus reached tlie brain-stem 
and spinal cord, the toxin produces its characteristic cifects by dis- 
turbing the nonnal regubition of tho rcQex arc. Afferent stimuli not 
only produce an exaggerated effect, but al»o reciprocal innervation 
is abolished and both prime movers and antagonists contract. Hciuo 
arises the characteristic umscnLir spasm. 

Wlicn a small amount of toxin Is slowly absorbed it reaches the 
anterior horn cells by tho route already described. In such eases tlio 
first symptom is local spasm of tho muscles in the neighbourhood of 
the wound. When a slightly laigcr amount of toxin is produced it 
enters tho circulation by way of tho lyinjihatlcs and roaches tho 
nervous s^'siem diffusely by ascciuling all the iwnphcral motor 
nerves, Tho larger the volume of toxin, the moru remains unabsorbed 
by tbe anterior honi cells and available to poison distant eynaiva-s 
and ultimately tho vital centres. Tlicro is then no local tetanus; 
trismus is usually tho first s^mxitoiii and the bjiasm subsequently 
rapidly spreads, to involve the anus, trunk, and legs. 

Pathology. 

Tetanies is cssenlLdly a disorder of function uf tho nervous system 
and no constant structviral changes hwxo been obK-rved, though 
Iiypcracmia iiiny occur in tho nervous tissues and rupturo of fibres 
and haemorrhages in the muscles. 

Symptoms. 

Intulttlton Piriotl. 

Tlio incubation pericKl vniies, but is U-suaUy seven or eight days, 
lu xiaticnts who have had w propb^Uctic inoculation uf antitaxin 
It may extend to several wcc^. Exceptionally it is as short as one 
or two dajs. 
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Descending Form. 

A piocJrotnal phase of restlessness and irritabiJity has been de- 
scribed. The first motor symptom is usually trismus, ^^hicli is 
rapidly folloucd, or may bo preceded, by stifTneas of the neck. At 
tliis stage the patient is likely to attribute his sjTnptoms to a dull. 
Within a few hours, houover, the spasm extends to other muscles 
and djsphagia ia often an early complaint. Spasm of tlie facial 
muscles may lead cither to pursing of the lips or to retraction of the 
angles of the mouth — the risus sardonicus. Tho eyes may be partly 
closed through contraction of the orbicularis oculi, or the ejebrows 
may be elevated by spasm of the frontalis Exainmatiou reveals tlie 
presence of rigidity of tho musculature of the limbs and trunk. There 
may be slight opisthotonos. The muscles of tho abdominal wall 
are rigid, and the lower limbs, which arc usually affected more than 
the upper, are fixed in a jioaition of extension. As tho disease 
jnogrosses this pereistuig general rigidity undergoes paroxysmal 
exacerbations w hicJi are attended by severe crcutip-hke pains. Opis- 
tliotonio spasm usually occurs in those attacks, but m some cases 
the spine is bent in other directions, for example, forwards or 
laterally. Spasm of the larymx and respiratory muscles leads to dys- 
pnoea, and profuse sweating occurs. These coin'ulsjve paroxysms 
may bo excited by external stimuli, for o.xamplo, by attempting 
to feed tlie patient. Between the paroxysms the general muscular 
rigidity persists. The tendon reflexes are exaggerated, but ^vith the 
exceptions described below there are no signs of organic lesion of 
the nervous system. Consciousness is retained to tho end. 

IDeath may occur in a convulsive attack from asphyxia, or, when 
severe spasms recur fiequently, from heart failure. The disease may 
be apyrexial, but some fever is not uncommon and terminal hyper- 
pyrexia may occur, the temperature oven continuing to rise after 
deatli. In favourable cases tho sevtwity and frequency of tho spasms 
gradually diminish, but the general rigidity frequently persists for 
several w eeks, trismus being often the last abnormality to disappear. 

Ascending Form. 

In this form of tetanus the first symptom is local spasm of tho 
muscles in theneighbourhood of the wound, whence persistentor inter- 
mittent spasm spreads to neighbouring muscles and in severe cases to 
tho other limbs, head, and trunk. After recovery from this form of 
tho disease tho original local spasm may persist for days or weeks. 

CepJmlic Telanus. 

Cephalic tetanus is a rare variety of tho ascending form and 
follows wounds of tho head, face, and neck, iluscular paralysis is 
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freqoently prci»ent, usually involving the facial muscles on one side 
and may be associated \rilh facial spasm on the opposite side. Tris- 
mus and pharjTigeal 8X>asm usually develop. \\Tien the wound baa 
involved the orbit, ptosis, external ophthalmoplegia, and irido- 
plegia have been o^erved on one or both sides. Cephalic tetanus 
may remain localized or become generalized. It is ii-sually fatal, 
but when recovery occurs facial paralysis and spasm may persist 
for weeks. 

Splanchnic Tflanus. 

This term has been applied to a form of tetanus which follows 
abdominal wounds and in which the bulbar and respiratory muscles 
are early and severely affected. 

ilodified Tetanus. 

The s^'mptoms of tetanus may be considerably modided by a 
previous prophylactic inoculation of antitoxin. The incubation 
period in such cases is usually longer than normal. There is a ten- 
dency for the spasm to remam localized to the muscles io the neigh- 
boorhood of the wound, and often when genemhzed tetanus ensues 
convulsions are absent, and if (hey occur are likely to be slight. 

Dla^osls. 

Ckmditions causing trismus may bo confused with tetanus. Tris- 
mus ia not uncommonly produced by painful lesions hi the neighbour- 
hood of tho jaw. Tlie presence of the causative lesion and the 
localized character of the spa.sm enable these cases to be distinguished 
from tetanus. Trismus may also occur in encci>haliti3, and in some 
cases post-vacciual encephalitis in which trismus was u prominent 
symptom was at first regarded as tetanus. Svmptoms of organic 
lesion of the brain and spinal cord arc always present in such ca^cs 
and distinguish them from tetanus. 'Hie convulsions of str}’chnine 
poisoning superficially resemble those of tetanus, but develop more 
rapidly. Sloreover, the fact that tliey follow refiex excitation is 
apparent from the beginning, whereas this is a late feature in tetanus. 
Strychnine poisoning also differs from tetanus in that muscular 
relaxation ia complete between the parox^'sms, and the up{>er limbs 
are more severely affected. A history’ of poisoning can usually be 
obtained. Hydrophobia may also be confused with tetanus, but in 
this condition tr&mua is absent and dysphagia is (iio most conspicu- 
ous symptom. Further, muscular relaxation occurs between tho 
paroxysms and there is almost always a liistory of .t bite by a rabid 
animal. Tetany is distinguished from tetanus by the fact tiiat the 
muscular spasm always begins in the jieriphery of the limbs and 



TETi\NUS 689 

Jcads to tljo cJjaracleriatic attitude of the hands. Trismus occurs 
only in Ibo most severe attacks. Hysteria may cau.se either trismus 
or gcneraliicd jjgidity asMKdated wtli opisthotonos. Hysterical 
trismus, however, is not associated uitb rigidity elsewhere, while 
hj'sleric.il ojiisthotoiios usually forms jjart of a hysterical convulsion 
which develops suddenly without iire-cxbtiiig rigidity, is attended 
by imjwirmcnt of tonscioiisuess, and is fieqijcjjtly a-ssociated with 
other signs of Iiystciia. 

Prognosis. 

The prognosis of tetanus uninotlified by prophylactic inoculation 
of antitoxin is al\( aj s extremely grave, though the outlook has been 
somcwliat improved by treatment with antitoxic serum. In one 
series of cases tlio uioitahty before the introduction of treatment 
with scrum was 79 jicr cent, and afterwards 67-7 per cent. Corre- 
sponding figures for the Lon«lon Hospital (jiioted by Fildca are 81-7 
j)cr cent, and 71-8 per lent. In general the shorter the incubation 
period the w oi vi is tho prognosis, and few {laticnts w ith an meubation 
period of less than six days recover. Cole (1938) stresses tlie prognos- 
tic importance of tlio interval between the first symptom and the 
first generalized icficx s]>a$ms, whicli ho calls 'the jicriod of onset’ 
Patients in whom tlie period of onset is lass limn forty-eigiit hours 
rarely recover, and in fatal cases tho duration of life is rarely moie 
than tlirco tunes tho period of onset. 

Prophylaxis. 

Tho intiodiiction of prophylactic inoculation with anti-toxin 
has reduced the incidence of tlio disease in tliosc exposed to risk, and 
mitigated its severity in many who have ncverthclcas developed it 
Tim is show n by Uio fact that the incidence of tetanus on tho Western 
Front during the late war was 1-47 per thousand of British wounded, 
w hercas during the Fi anco-l’nission War it w as 3-52 per thousand of 
German wounded The influence of piophylactic inoculation in 
prolonging tho incubation period is shown by Bruce's figures for 
cases in the home hospitals dnrmg the late war. The meubation 
period gradually mciea&od from I1'8 days in 1914 to 50 days in 
1918-19 m proportion as prophylactic methods became increasingly 
efficient. 

Piophyfactio tieatincnt should be instituted m aii cases m which 
wounds are likely to have been contaminated with soil or road dust. 
Tho wound should bo curetted and treated with an antiseptic and a 
dose of 500 units of tetanus antitoxin should be given subcutaneously 
as early as possible and repeated at intervals of a week until 2,000 
units have been given. 



690 INTOXICATIONS AND DEFICIENCY DISORDERS 
Treatment. 

The patient should be nursed in isolation and kept as quiet as 
possible. The occurrence of trismus and pharyngeal spasm frequently 
renders feeding difBcult, and it may be necessarj* to resort to a nasal 
tube, liquid nourishment being given. 

The curative value of antitoxin is limited by the fact that tho 
nervous sj'stem is largely impenetrable by immune bodies. Neverthe- 
less, antitoxin can neutralize toxin in process of absorption and so 
reduce the dose, perhaps toonc tho tissues can neutralize. A massive 
dose — Cole uses 200,000 units — should be given intravenously. 

To combat the muscular spasms avertin shoiild be used as for 
basal anaesthesia in doses of O-l c.c. per kilo of txxly u eight, and 
repeated as necessary. To lessen the ri^ of pneumonia nasal oxygen 
and atropin should be given. Evipon sodium has also been used. 
In milder cases bromide chloral, nembutal and rectal paraldeh>de 
are useful. Local treatment of tho wound should be deferred imtU 
an hour or tno after the antitoxin ho-s been giten. 
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9. BOTULBH 

Definition: A form of food poisoning due to intoxication with the 
ezotoxm of the bacillus botulinns derived from infected foodstufis. 
especially thnsn presecv«l in. Una, and chacactecizjed. by extrenia 
weakness and fatiguabibty of both striated and unstriated muscle. 

Aetiology. 

The bacillus botolinus is a large, Gram-positive, anaerobic, spore- 
bearing organism, which is an inhabitant of the soil in certain regions 
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and may couUiminato food. It Onds a moat congenial environment 
in food pre&cr\cd in tins, eapccially vegetables and fruit, and both 
bought and lioino-prcscrvcdfoodstufranmy bo contaminated \\itb it. 
It produces a jwttcrful cxototiii, to uliich tho toxic c/Tects aro duo. 
Tinned food infeefal with the bacilltis may often bo dctecteil as 
tuintcii. Production of gas in tlio tin may abolish tlio nonnal vacuum, 
and tho food often has a peculiar rancid odour and taste. This, 
honener, may he disguised by sauces and dressings. There are 
many c.variiplca of severe and fatal iioisontng occuiring in a person 
who had only tasted tho food to sco if it was tainted. Cooking at 
boiling tcmjicraluro for a few minutes destroys tho toxin. There 
havo been outbreaks of botulism in many countries, csiKcially in 
Gcnnany, where it w as first attributed to e.itiiig infected 8.iuaages — 
hence (he name, derived from ‘botulus’, a sausage — and in tho 
United ijtatcs. *An outbreak Imding to a number of deaths occurred 
at Ix)ch ilareo in Scotland in 1922. Botulism has frequently been 
observed m domestic animals w hicli ha\ o eaten tho remains of taintod 
food, and fowls which havo been thus intoxic.xtcd may die before 
8.nnj)tom4 appear in iiuman beings who have eaten tho same f(«d. 

Tho iinostigationa of Dickson and Shovky have siiown that tho 
muscular weakness is duo to a |)criphcra! action of tho toxin of botu- 
ii«ni, which has a paralytic effect upon tho nerve endings in both 
striated and unstriated muscle 

Pathology. 

The changes in tho uen'Oiis system consist of great congestion 
of both tho brain and meninges, loailmg to oedema and pcnvaKcular 
haemorrhages. 

Symptoms. 

In man, sj'mptoms usually develop between eighteen and thirty- 
sLv lioum after Che ingestion of Che tauitc<l food, ic&s frequently as 
early as tweUc hours or as lato as forty-eight hours or longer after- 
wards In about onc-third of all cases an acuto gastro-ijitestinal 
disturbance, characterized by nausea, vomiting, and diarrhoea, 
occurs, but in most cases this is absent, constiiiation, probably duo 
to jjarcsis of tho smooth muscle of tho intestines, occurring early 
and persisting throughout the illness. 

The earliest sjunptoms of muscular weakness are usually visual. 
Dimness of vision occurs as a result of paresis of accommodation ; 
the pupils become dilated and lose their reaction to light and ptosis 
usually do%elo])3 early. Paresis of the external ocular muscles 
leads to diplopia, and nystagmus may bo present. In some cases 
complete ocular immobility occurs. Vertigo is not uncommon. 
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Owing to weakness of the muitcica concerned, swallowing and talking 
become difficult; attempts to swallow lead to choking and regnrgita* 
tion of foo<l through tlie noso ; anil there may he comjdeto aplionia. 
Weakness of the jaw musdes renders mastication difficult or iiupos- 
sible, and tho muscles of the trank and limbs also become extremely 
weak. The muscular disturbance appears to bo an c.\trcmo degree of 
fatiguahility, rather than ^n actual pamljisU, since tho patient may 
be able to carry out a movement moderately well on one occasion 
but be then imable to repeat Jl. The tendon reflexes are presen’ed 
and the plantar reflexes are flexor. There is usually no sensory 
disturbance. In most cases consciousness remains unimp,iircd up to 
the end, though occasionally (here is a tenninat coma, and terminal 
convulsions have been deacribc«l. 

The cerebro-spinal fluid is usually normal. The temperature 
remains normal, unless a complicating infection, *^ch ns broncho* 
pneumonia, develops. Tho putsc is usually rapid. Death occurs 
either from paralj'sis of the respiratory muscles or from broncho- 
pneumonia. 

Diagnosis. 

In cases in which an acute g.-istro-inteslinal disturbance occurs 
the diagno&U from other forms of acuto gastrO'Cnteritis cannot 
usually be made before tho onset of muscular weakness, unless 
domestic animals hare already shown signs of ix>i»ouing. Tho 
dilated pupils may suggest belladoonA poisoning, but tho unclouded 
mental condition enables this to be excluded. Encephalitis lethargica 
has been confused with botulism, but the onset of Sjrmptoms in the 
former is usuaOy les,s rapid, lethargy is USUJII 3 ' present during the 
acute stage, and extreme weakness of the muscles innervat^ by 
the medulla and of the limbs does not occur. When the diagnosis 
is doubtful it may be conflrmcd by the demonstration of the bacillus^ 
botulinus or of its toxins in the remains of food which has been 
consumed. 

Prognosis. 

The mortality varies in^sliflerent outbreaks, ranging between 10 
and 60 per cent. Death usually occurs between tlie fourth ami eighth 
day. Convalescence is very slow in patients w ho recover. ' 

Treatment. 

Prophylaxis consists in the careful scrutiny of nil tinned foods 
and the rejection, without tasting it, of nny which appears to be 
tamted. The cooking of tinned products for ten minutes before use 
abolishes all risk of botulism. Antitoxin appears to possess greater 
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prophylactic than curative value, but it can bcldom be used before 
the onset of muscular syiiiptonia. Twenty thousand units of a 
polyvalent serum should bo employed. The stomacJi should bo 
washed out and a purge administered, this being followed by re- 
peated w ashing of the colon, to remove as far as possible any toxin 
which may not have yet been absorbetl. Complete rest is of gicat 
importance to protect the muscles from all avoidable fatigue, and 
morphine should bo given if necessary. Nasal feeding may bo re- 
quired, Strychnine should bo injected subcutaneously in dooes of 
lySOth grain every four to six hours, and cardiac stimulants may be 
needed. In view of the action of the toxin on the nerve endings 2 5 
mg. of prostigmine with 1/100 gr of atropine sulphate should be 
tried. Oxygen may bo necessary if ibcro is severe dyspnoea and is 
Lest administered by means of a Drinker’s rc.spirator 

HEFKHIiXCEB 

.AiTXLV, li S., Oaituvo, li, and itiLca, A. A (1050} A caae of botuliam 
Laiiftf, >1. 780. 

Dicxsus, K. C. (1021). Dotulisin. Oxford iltJtewe, vol v, ch. xi, p 231. 
New York. 

Uicssos, £. C., auil SiEEVca, H (1023) Studios on the manner in which 
the toxin of ClO'^trKhmn boluluium acta upon the body. 1 The effect 
upon Uio autonoiiuo uerxous eyslcm. J. Hxptr Med xxxvii 711 11 
The effect upon the \oluitlary nervous eystetn. Ibtd xxxviii 327 
Hiwlftt, It T (1020) Bacillus kolulimis. In -t/ed Ret Council. A Sysletn 
of bacuriologi/, m 373. 

Muxito, T K , and Knox. W. \V N. (1023) Iteinarks on botuhain as been in 
Scotland in 1022, BrtI M J i. 279. 

10. ERGOTISM 

‘Ergotism’ is the term applied to poisoning with the toxins pro- 
duced by the fungus claviceps purpurea of rye Two fonns occur, one 
characterized by gaugrene—tlio gangrenous form — the other by 
nervous phenomena, esjiecially muscular spasms and generalized 
convulsions — the convulsite form. 

Poisoning witli ergot is usually due to tlie consumjition of bread 
made from contaminated flour, Tho gangrenous form is occasionally 
pioduced by the adnnnistration of ergot in the attempt to procure 
abortion or therajicutitally Ergotism is rare in England, hut is 
commoner on the Continent of Euiojie, where it was esiiecially 
prevalent during the Middle Ages. Epidemics liave occurred in 
France, Germany, Sweden, Norway, Fmland, Russia, and elsewhere, 
and in the last-named country ergotism is apparently still endemic. 
The gangrenous and the convulsive forms differ in their geograpliical 
distribution, tho former occurring to the west, and the latter to 
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the east, of the Rhine, though mixed epidemics have sometimes been 
observed where these regions meet. There is reason to believe that 
the gangrenous form is due to poisoning with ergotoxin or ergoUi- 
mine, but the convulsive form appears to depend upon the coexis- 
tence of two factors, consumption of an uninomi co^titueut of 
ergot, which is not the alkaloid, together with a deficiency of 
\itmim A in the diet (ilellanby, Barger). 

Convulsive ergotism is associated with degeneration of the spinal 
cord, especiaUy of the dorsal columns, and also of t!ia peripheral 
nerves Thickening of the medl.'s and hyaline degeneration of the 
intima of the arteries, sometimes associated with thrombosis, are 
the changes found in the gangrenous form. 

The onset of gangrenous ergotism may be insidious or rapid. 
Gangrene is usual!}’ preceded by severe burning plains, hence the 
name St. Anthony’s fire. Gangrene may involve onl}' the nails, or 
the fingers or toes or whole limbs, the gangrenous part separating 
spontaneously without pain or the loss of blood. Convulsive ergot- 
ism begins with muscular fibrillation, followed by clonic and tonic 
musciJar spasms, leading to abnormal postures and finally, in 
severe cases, generalized convulsions. .Anaesthesia of the I^bs, 
hemiplegia, and paraplegia may occur. 
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II. PELLAGR.V 

Dejinition: A disease which appears to lie caused by deficiency of 
an element in the vitamin B2 complex, nicotuiic acid. It is charac- 
terized by cutaneous lesions, glossitis, diarrhoea, and degeneration 
of the brain, spinal cord, and jicriplicral nerves. 

Aetiology. 

Pellagra is endemic in the poorer strata of llie population in many 
South European countries, in Afiica, and especially m tho Southern 
StatesofU.SA. It is rare in Great Britain. It may occur at any age, 
and both sexes arc affected with equal frctiucncy. It is comuionly 
but not exclusively found among wfattc maize caters. Its actiologj* 
w as until recently obscure. It has been attributed to a lUet deficient 
in proteins, to the ingestion of toxic substances contained in the 
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niaizo and to otlicr hypothotical toxins, but recent evidence appears 
tosboiv that it is duo to a deficiency of an eJonjentin the vjtaniin B2 
complex, nicotinic acid. TiiU isaLo know n as tlio pellagra-prevontmg 
(P.P.) factor. The administration of nicotinic acid produces iuune- 
diato improvement in iKiticnts suffering from pellagra, and will 
prevent the development of pellagra if added to a <lict which othcr- 
w Lscs produces it. Endemic pellagra is attributed to a deficiency of 
nicotinic add in the diet. As in the case of otlicr deficiency diseases, 
however, defective absorption of nicotinic acid from the alimentary 
canal is Bometimes the cause of ‘secondary’ pellagra which may 
occur though there is an ample supply of the essential substance in 
the diet. ‘Secondary’ {iciiagra may thus occur after dysentery or 
long continued diarrhoea, after operation or cancer involvung the 
stomach or Email intestine and in alcohol addicts. The disease of 
dogs, canine black tongue, like liuman pellagra, can be prcventeii or 
cured by nicotinic acid. 

Pathology. 

The meninges arc thickened and the brain may be oedematous or 
atrophic. Chroniatol^sis and pigmentation are found in the ganglion 
cells throughout the central nervous system and in the autonomic 
ganglia. The spinal cord exhibits dcrayelination of many of the long 
tracts. Tills is most marked ut the dorsal columns in the upper 
dorsal and ccn'ical regions, but the pyramidal and spino>cercbellar 
tracts also suffer. Changes m tlio (lenphcral nerves are less conspicu* 
ous, and consist mainly of degeneration of tho myelin sheaths 
Pigmentation and hj-aline degeneration iiaio been described in tho 
cerebral arterioles and capillaries 

The principal lesions outsido the nervous system arc atrophy of 
the stomach and mtesiine, and ulceration is not uncoiiimon in the 
largo bowel. 

Symptoms. 

The dibcase runs a protracted course lasting for many jeara. The 
first attack and subsciiuent exacerbations tend to occur in the spring. 
Tho earlyattacks are characterized by gastro-intcstinal disturbances, 
especially diarrhoea, associated with the development of tiio cuta- 
neous lesions. Tho batter bc^n as an erythema involving the parts 
of the body exposed to light, while later the deeper layers of tho skin 
are involved, leaduig to desquamation, thickening, and finally 
atrophy. Exceptionally the cutaneous lesions may bo absent. Tho 
tongue cxliibits glosbitis, with loss of tlie epithelium, and Binular 
changes occur m the pliarynx. Gastric achj'ha is the rule and porpb}'. 
rinuria is present. Nerrous changes develop later. JIany neurotic 
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and psychotic states occur, depending no doubt partly on the psycho- 
logical constitution of the patient. Hlanic and melancholic states 
may develop, the latter sometimes leading to suicide. Often the 
terminal state is a dementia. Epileptic fits are not uncommon. 
Visual impairment and diplopia may occur. Dysarthria and dj-s- 
phagia may develop in the later stages, together with tremor and 
ataxia, especially in the lower limbs. The tendon jerks may be 
mcreased at first, but later tend to be lost. The plantar retlexes may 
be extensor. Sensory symptoms consist of jain in the limbs with 
tenderness of the muscles and superficial anaesthesia and analgesia. 
There maj’ be loss of ajipreciation of pasaiv o movements of Uio toes. 

Diagnosis. 

The clinical picture is unique, ami can hardly bo confused with 
.anything else, but in the absence of the cutaneous lesions the nervous 
coiuhtion m<ay resemble subacute combiued degeneration. 

Prognosis. 

The prognosis in the past has been bad, most jiatients after many 
jears endmg their dajs in mental hospit.aU. Early treatment on 
modern lines, however, may l>o exi>ec(e<{ to bring about .i cure in 
many cases. 

Treatment. / 

Treatment is primarily dietelic. Nicotinic acid should be given. 
Spies (193S) recommends 0 5 grammo per d.iy given in five doses of 
100 milligrammes each for oral adoiuiistmtion, If it is necc»s.vry to 
give the substance parenterally 10to20miHigrammc3may boinjcclcfl 
in sterUe saline four times a day. Parenteral ailmmistration may bo 
necessarj' where thero is reason to tliink that absorption from the 
alimentary canal is defective. In the present state of our know ledge 
it is unwise to rely entirely upon nicotinic acid. Sebrell (193S) 
adnses a high calorie diet 3,000 to 4,000 calories, including at Je-ist 
one quart of milk daily, tr^ethcr with cream and inanunali.m liver. 
In addition the diet should mcludc from 30 to 300 grammes of pure 
dried powdered yeast daily and livercxlract should bcgi\ en parculcr- 
ally as for subacute combined degeneration. Otherwise treatment 
is symptomatic. 
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12. SUBACUTE COiUJINED DEGENERATION OF 
THE SFINAL CORD 

Si/noni/m: Postero-lalcraJ Bc]crO!>id. 

D^Jinition: A deficiency disease, usually associated with pernicious 
anaemia and charactcriied lutiiologically by degeneration of tlio 
white mailer oft ho spitial cord, whicli is most evident in the posterior 
and lateral coltnnn.s, and of tho {leriphcial nerves, and clinically 
by paraastlicsine, sensory loss, cs(»oeiaUy impairment of deep 
bcnsibility, ataxia, ami paraplogu. Subaente combined degeneration 
w«is licseribcd as progressive iwniitiotia anaemia in tabetic patients 
by Lcichtenstcrn in 1884, and tbe spinal cord changes ueroasso> 
ciutcd with the auaeinia by Lichtheim in 1887. The first complete 
(.Unical and {vitliological account was given by Russell, Batten, and 
Collier 1900. Tho therapeutic vahio of liver was the discovery of 
lilinob and liliirphy in 102C and led to the recognition of eAtrInsio 
and intrinsic factors by Castle and hU collaborators. 

Pathology. 

hhicroscopienl changes in tho nervous sybtem oro slight. Slight 
cerebral atrophy has been described and on section of the cord 
demjelination ia evident in tho grcjish appearanco of tho white 
matter. 3Iicroscopically two types of lesion are found in tho spinal 
cord, necrotic foci and degeneration of tho long tracts. It has been 
suggested that tho latter may bo secondary to the former. Tlio 
necrotic foci, which first appear in the lower cervical and upper 
thoracic regions of tho spinal cord, are irregular patches ofdemyelina- 
lion situated in tho w Iiilo matter, near tho surface, and are possibly 
related to tlio entering blood-vessels. They aro most marked in the 
posterior columns and tho pyramtdai and ascending cerebellar 
tracts. Degeneration of tbo long tracts is most evident in tho upper 
part of tho cord in the ascending tracts, and in tho lower part in tho 
descending tracts. Both types of lesion are characlomed by demye- 
hnation, and in tho moat severely affected regions both the mjclin 
slieatha and the axis cylinders disappear, leaving vacuolated spaces 
separated by a fine glial meshwork (Rg. 70). Similar focal areas of 
degeneration have been described in tho white matter of the brain, 
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together witli more diifuse degeneratiTC changes in the cerebral 
association fibres. Degeneration is often present in the peripheral 
nerves, and the muscles are usually smaller than normal and cxliibit 
a simple atrophy. 

Li the majority of cases the pathological changes of pernicious 
anaemia are found in patients dying of subacute combined degenera- 
tion. These include glossitis, anaemia, hyperplasia of the re<l mar- 


FiQ. 70. Subacute cocnbinod tir^iwralion. bjimal Cord > Ciu. 

row in the long bones, slight or moderate ealargcincnt of the spleen, 
and the presence of iron in the reticiilo-cniiotheliai system, li^gnus 
and TJngley (103S) have described in pernicious anaemia a profound 
atrophy of all coats of the stomach wall locah7.ed to the body and 
sparing the pyloro-duodenal re^oa. 

Aetiology. 

Subacute combined degeneration is a diseaAo of middle life, the 
average age of onset being about oO. It may, houover, begin as 
early as 26 or as late as, 70. Both sexes are eijually afi'ected. Its 
familial occurrence is rare, but is -well authenticated, and families 
have been described in which multiple cases of subacute combined 
degeneration and pernicious anaemia have occurred in the same 
family, sometimes in more than one ^neration. 

The aetiology’ of the disease is still obscure. In almost all cases 
subacute combined degeneration is assodatod with pernicious 
anaemia, but the relationship between the two disorders is a compli- 



SUBACUTE COiDJINED DEGENERATION 699 
cated one. At first it >va3 believed that tho degeneration of the apbial 
cord was secondary to tlie anaemia, hut tiiat this view is incorrect is 
shown by tho fact that tho anaemia may bo slight or even, excep- 
tionally, ab>eiit ^ihen the spinal degeneration is severe, and vice 
versa. The observation that gastne achlorhydria \\a3 almost con- 
stantly present in individuals suffering from subacute combined 
degeneration led Hurst to Btiggest tliat tho absence of gastric acidity 
»as the most important causal factor because tlm loss of its anti- 
bacterial action pennitted haemolytic streptococci to pass into tho 
small intestine and there to engender haemolytic and neurolytic 
toxins. 

It is now knoivn, however, that the importance of gastiic acJiylia 
lies not in the absence of tho gastric acidity but in the lack of an 
intrinsic factor, secictcd by the normal stomach, winch combines 
with an extrinsic factor, contained itt the food, to form a substance 
necessary for normal haemopoiesis and for the maintenance of tho 
nutrition of the nervous s>stein. Whether tho same substance acts 
on both tho blood-forming organs and the nervous system is un- 
certain, but if these are two factors they are chemically closely allied. 
It is unldvely that either vitamin B1 or B2 plays any part in the 
process. While deficient formation of tho essential factor is the 
usual fault, impaired absorption may cause subacute combinod 
degeneration after gastro-enterostojny. Tbo role of toxins is obscure 
but an acute infection bometimes piedpitates tho disorder. 

The possibility of an endocrine factor in some cases is suggested 
by the observation of cases of achlorhydria, anaemia, and subacute 
combined degeneration associated with pituitary and gonadal in- 
Bufficienoy. (Snapper, Groen, Hunter, and Witts, 1037 ) 

Although subacute combined degeneration is usually associated 
with pernicious anaemia, the anaemia may bo of the secondary or 
microcytic variety, while occasionally tho blood count is normal. 
Subacute combined degeneration may also occur in sprue, in patients 
in a cachectic condition duo to malignant disease, and after tho o^iera- 
tions of partial gastrectomy and gaatro-enterostomy. Very rarely 
it bas been described in association w ith Hodgkin's disease and with 
leukaemia, but it is difficult in sucli cases to exclude the possibility 
that the spinal degeneration may have been duo to lyiapbogranulo- 
matous or Icukaemic infiltration of the cord. 

Symptoms. 

Nervous Symptoms. 

The clinical picture is a mixture of posterior column, pyramidal 
tract and peripheral nerve degeneration. 

The onset of symptoms is usually gradual, but is sometimes rapid. 
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The first sjinptOQia are generally paraeatiiesiac and cousiat of tingling 
sensations, first felt in tho tips of Iho toes and later of the fingers. 
Less frequently both upper and loner extremities are thus involved 
simultaneously, orboththehondamaybefirstaffected. Othcrparacs- 
thesiae of which patients complain include sensations of numbness, 
coldness, and tightness, uhile pains of a burning or stabbing eharac* 
ter, sometimes resembling the U^tning pains of tabes, may occur 
m the hmbs and hack. The paro^tbesiac, which usually begin in 
the penphery of the lower limbs, tend to spread slowly towanis 
and up the trunk, and a sense of constriction around tho chest or 
abdomen is not uncommon. Motor symptoms consisting of w eakness 
and ataxia develop at a variable interval after the paraecthesioe 
and begin in the lower Umbs. The patient may first notice that he 
easily becomes tired when walking or that he walks unsteadily and 
tends to stumble. * 

Objective sensory changes ore constantly present and the forms 
of sensibility mediated by the posterior columns are alwa^-a affected, 
postural sensibility and appreciation of ]>as5ive movement and of 
Tibration are impaired first in the lower and later in tho upper limbs. 
Cutaneous sensibility to light touch, pin>pnck, heat, and cold is 
impaired at first over the periphery of the extremities, leading to 
the characteristic ‘glove and stocking' distribution of su^icrficial 
sensory loss. The calves may bo tender on pressure. The pro.xusal 
border of the anaesthetic areas moves gradually towards the trunk 
and on the trunk iUelf mo\cs slowly upwards. 

In some cases weakness and spasticity, in otheni ataxLa, pre> 
dominate in the lower limbs, but both weakness and ataxia ore 
usually present m all four limbs and are more severe in the lower. 
Inco-ordination in the lower limbs, which is mainly tho outcome of 
defective postural sensibility, is evident in the atoxic gait and in the 
presence of Romberg’s sign. Moderate muscular wasting is usually 
present in the later stages in.thc extremities, csi>eciaIJy in the peri* 
pheral muscles. 

The reflexes vary considerably. In more than 50 per cent, of cases 
the ankle*jerks are absent when tho-patient cornea under ohaerva* 
tion, the knee-jerks are lost rather lesa frequently; in oUier cases 
both are exaggerated. The plantar leliexcs are flexor at first in about 
50 per cent, of cases, but later bewmo extensor in all but a small 
proportion. In a few coses, in which the degeneration Is confined 
to the posterior columns, ataxia is the predominant symptom 
throughout and signs of p^xamidal defect arc lacking. 

.Sphincter disturbances are usually jireaent and consist, in tho early 
stages, of diilicult or precipitate micturition, and later of retention 
of urine or incontinence. Impotence occurs early. 
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BiUleral primary optic atrophy with some visual impairment is 
observed in about 6 per cent, of casc^ and nystagmus is not uncom- 
mon. The pupils may be small, but react normally. Otherwise the 
cranial nerves arc usually normal, though dysarthria may occur. 

Jlental changes are not uncommon and their im)x>rtance has 
recently been stressed by McAlpine. There may bo a mild dementia, 
witli impaired memory and intellectual capacity, or a confusional 
psychosis with disorientation and paranoid tendencies, or Korsa- 
koiv’s psychosis, or the mental disorder may bo predominantly 
affective and manifest itself in irritabihty or depression with a 
suicidal tendency. The ccrehro-spinal fluid is normal. 

Associated Si/mploms. 

Gastria achlorhydria is constantly present There is usually 
anaemia, commonly of the Addisonian or macrocytic variety, charac- 
terized by a high colour index — 1 to 1-2, or even higher — the presence 
of normohlnsta and mcgaloblastH, poikiloc^'tosis, arusocytosis, poly- 
chromatophilia.and leucopenia, with a relative lymphocytosis Even 
when the blood count is apparently iioroiol, it may ho possible, by 
using l*rice-Joncs or some other appropriate technique, to demon- 
strate the presence of an cxcc<<i>ivo number of the laige red cells 
characteristic of pernicious anaemia. In a minority of coses the 
anaemia is of the secondary or microcytic variety, vrith a low colour 
index. Subacute conibincii degeneration and pernicious anaemia are 
to a largo extent independent variables, and it is exceptional for 
patieuts who first complain of (ho nervous symptoms to develop as 
bovero a degree of anaemia as occurs in those who first complain of 
symptoms of anaemia Glossitis is common, but appears to bo more 
closely related to the anaemia thau to subacute combined degenera- 
tion. It may be slight or absent vvhen the anaemia is not severe. 
Other sjTOptonjs may bo jiresenfc if the anaemia is severe. The^e 
include dyspnoea, the characteristic lemon tint of the skin, cardiac 
dilatation, haemic murmurs, and oedema, which is most marked in 
the low er limbs. Tlio spleen is palpable in only a small proportion of 
cases. Gastro-intcstinal symptoms are common, especially anorexia, 
flatulence, and diarrhoea. BwhJy nutrition is well maintained at 
first, but general wasting is usually marked in the later stages. 

Diagnosis. 

When subacute combined degeneration is suspected on neuro- 
logical grounds a blood count should be made and the gastric acidity 
investigated. Tlie presence of anaemia and of gastric achlorhydria 
affords strong support for the diagnosis, since, apart from their 
accidental occurrence, thcbo symptoms are not constantly associated 
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with any condition «ith which bubacutc loinhincd degeneration is 
likely to be confused. The Dcurological picturo must be distinguisited 
from tabes, dis-seminated eclcross. familial ataxia, myelitis, spinal 
compression, and polyneuritis. 

Tabes is distinguishe<l by thcabocncoofextcn.sorplantarrci'iwnftes, 
e.Tcept when it hapiKJiia to be asirfKiated with mciungo-Ta.st-ul.ir 
syphilis. Reflex iridoplegia w iisuftlty present in talM?3, and in most 
cases the Wassennann rc-aclion is |M><titivc in either the blood or the 
cerebro-spinal fluid, if not in both. 

In disseminated sclero&is there is usually evidence of the dis. 
semmated character of the lesions and cs£)cci.illy of cerebral involve- 
ment, mth pallor of the optic dh-Ls and ny stagmus. The ankle-jerks 
are usually exaggerated in dis-seminated sclerosis ami very rarely 
diminished. DiiTiculty in diagnonhi is ino«t likely' to arise in the form 
of disseminated sclerous characterized by progn-j^sivo s|)astiu para- 
plegia which is not luicommon in middle-aged p.a(icnts. This, 
however, usually runs a much more chronic cour&o than subacute 
combined degeneration, and anaemhi and g.-xstric achlorhydria are 
absent. 

The familial ataxias may rcsciiiblo subacuto combined degenera- 
tion in tbo association of ataxia of the lower limbs with extensor 
plantar responses and loss of tho kuec- and anklc-jerka. This group 
of disorders, howc\cr, JsdistmguL-Jicd by the familial inciilence, thu 
earlier onset, the presence of nystagmus, and frcriiiently of Ecoliosia 
and pes earns, and tho more chronio course. 

In myelitis both the po,<iteiTor and Jatcrnl columns aro frcciucntly 
damaged, and tho resulting physical signs may ihenTuro rcsemhlo 
those of subacute coinbuicd degeneration. Tlio onset of myelitis, 
bowcTcr, is acute or subacute, and thereafter tho condition remains 
stationary or tends towards improicment ; and when the condition is 
sypMhtic tho Wasoenuann reaction is usually jiositive, csjxjdally in 
the cerebro-spinal fluid. 

Spinal compression may lead (o nn ataxic paraplegia of gradual 
onset. Careful inrestigatiem of tho physical signs, however, Inthcates 
a well-deflncd and unchanging level at the up^Kr limit of the motor 
disability and sensory loss, and characteristic changes will usually 
be found in the cerebro-spinal fluid. 

Polyneuritis may simulate sulncutc combined degeneration when 
paraesthesiac, occurring in the extremities, are associated with 
ataxia of tho lower limbs, loss of the tendon reflexes, and sensory loss 
of the 'glove and stocking’ distribution. Itlsnot surprising that there 
should be a close reseinblance between tbo tw o conditions, since it is 
certain that some of the symptoms of subacute combined degenera- 
tion are in fact due to degeneratiem of the iJeripheral nerves. In poly- 
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neuritis, how ever, there is never any evidence of involvement of the 
pyramidal tracts. Pains and tenderness of the muscles are more severe 
as a rule than in subacute combined degeneration, and muscular 
w eakness in the distal segments of tbo limbs is also more severe. 

Prognosis. 

The average diyation of the illness of pernicious anaemia before 
the introduction of the modem treatment W'as about two years. Now 
it 13 posbiblo by means of liver extract to restore the blood to normal 
and maintain the patient in good health indehnitely. Such patients 
need never develop subacute combined degeneration. When this 
has already developed it can always be arrested, but the degree of 
reeoi'erydepends upon the stage which the disease has reached Tho 
peripheral nerv ca are capable of regeneration, but this is not posaible 
in the spmal cord, though doubtless hero already damaged fibres 
may be restored to normal. A striking improvement therefore may 
bo expected in tho polyneuritic symptoms with disappearance of 
paracsthosiao and pams m the h'mbs, sensory loss of the 'glove and 
stocking’ distribution, and muscular wasting, and with return of 
the tendon reflexes and improvement in co'ordination Extensor 
plantar refiexes and spastic weakness and gross loss of postural 
sensibility, ho\vQver, usually persist unchanged. Even in patients 
in whom tho discaso has been arrested by treatment the development 
of fln infection, especially localized suppuration, may lead to a severe 
and oven fatal exacerbation. 

Treatment. 

The essential factor which is lacking in subacute combined 
degeneration may be administered to tbo patient either (1) by tho 
mouth in the form of raw or lightly cooked liver, liver extract or 
dcssicated hog's stomach or (2) intramuscularly or (3) intravenously 
in the form of liver extract The intramuscular route is usually the 
most convenient. The state of the blood is no guide to the dosage 
required for the nervous symptoms, which is usually much larger 
than that needed to combat the anaemia. 

Unfortunately liver extracts are not at present standardized. A 
suitable initial dose for a jKitient with subacute combined degenera* 
tion is 20 to 30 c.c. of Campolon in divided doses weekly. This 
is continued for many weeks until no further improvement occurs. 
The dose is then reduced till a suitable maintenance dose is found by 
experience and this must be continued for the rest of the patient’s 
life Other liver extracts are equally eifective including Dakin and 
West’s liver fraction — Anabaemin. 

The diet should be ample and well supplied with vitamins. Iron 
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ia of Talue only if an iron-deficiency anaemia is present. Dilute 
hydrochloric acid in one drachm doses «ell diluted mth meals may 
beheJpfultorelievedyspepticBymptoms. Massage and re-educationul 
exercises arc of great ralue. Fod of sepsis should receive attention. 
Analgesics and sedatives may bo required at first and in advanced 
cases the usual care of the skin, bladder, rectum, and jiaralysed 
muscles necessitated by paraplegia will bo required. 
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13. POLYNEURITIS 

Synonyins-. Multiple symmetrical periplieral neuritis; multiple 
neuritis ; parenchymatous neuritis. 

Definition: Polyneuritis is a clinical picture, the essential feature 
of which is an impairment of function of muay peripheral nerves 
simultaneously, resulting in a symmetrical distribution of flaccid 
muscular weakness and usually also of sensory' disturbances, affecting 
as a rule the distal more than the proximal segments of the limbs and 
sometimes also involving the crania! nerves A simultaneous 
disorder of the highest cerebral iiinctions, leading to mental dis- 
turbances, ia common. Polyneuritis thus defined may be caused by 
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a \ery largo number of agencies, vliich may operate in fseveral 
tlifTerent ways and oven at dilTercnt points of the peripheral nerves. 
Amongbuch agencies aro numerous endogenous and exogenous to.\ins, 
acute infections uliicli directly attack the nerves, and vitamin de- 
ficiency. 

Perii>heral neuritis of this kind was recorded by Letteom in i7Sl) 
and an epidemic in Pans uas described by Robert Graves m 1828 
Todd first conceived that the tcrminai branches of tJje jjeripberaJ 
nerves might undergo degeneration and this was demonstrated 
jiathologically hy Duincnii in 1864 Joffroy in 1871) contributed to 
tho classification of polyneurilia and Grainger Stewart gave it tJie 
name multiple symmetrical ]>cnplicral neuritis in 1881 Korbakow 
described tho mental cliangcs not uncommonly a.ssociated with poly- 
neuritis in 1889 

Aetiology. 

Tho causes of polyneuritis aro very numerous The following 
classification includes the most important: 

1. ExteunaIj Poisons ; 

Melali : Arsemc, antimony, mercury, copper, jihosphorus, bismuth, 
(lead). 

Onjanic Substances-. Carbon monoxide, carbon bisulphide, dinitro- 
benzol, sulpiional, cblora), chlorelone, amline, tetmehlorethane, 
triorthocrcsylphospltalo (ginger paralysis and apiol paralysis), 
sulphandainido and its compounds, immune sera 

2. Deficienov and SIbtabouc Disorders. 

Vitamin B 1 deficiency (beri-beri, ebrome alcoholism, pregnancy, 
and ciironic diseases of and oi>eiationa on the gastro-intestinal 
tract), hunger oedema. 

Pellagra, pernicious anaemia and subacute combined degenera- 
tion, sprue. 

itecurrent pol^meuritis. 

Diabetes, luysoedema, acromegaly, haematoporphyrinuna. 

3. Infective Conditions: 

(i) Infcclions in u-Jiichpc^ffneurilis is un integral pari of the clinical 
picture: 

Acute infective, toxic or febrile polyneuritis, ‘rheumatic’ 
polyneuritis, parotitis-polyneuritis-iridocyclitis, pink disease, 
(li) PolyneuriUs complicating acute or dvronic infections: 

Septicaemia, puerperal, typhoid, paratyphoid, scarlet fevers, 
dysentery, infiuenza,tubc^IObfa, syphilis, gonorrhoea, mumps. 
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typlius, maInrU, mcningitia, mca-Hlca, fcniall-pox, focal infection, 
periarteritis nodosa. 

(iii) InJecHoii iri/A onjanistiu whose toxins Ante an ajfinily Jor the 
peripheral nenes: 

Diphtheria, tetanus. 

4. Local Infection OF Nebvxs: 

Leprosy. 

5. Familial PoLY>EtniiTi3; 

Progreasivo hypertrophic polyneuritis of Dejcrine and Sottas. 

6. PoLYSEUBiTis OF OB&ctmE Obicis: 

Chronic progressive polyneuritis. 

In some cases the toxin is uitroducod into tho body from without. 
In others it informed uithin the body ns a result of bactcridl action 
or of metabolic disturbances. Yet again the source may bo uudis> 
coverable. Sometimes tho toxin npiK-ars to j)05se*s a specific alSnity 
for tho peripheral nerves, and it has been suggested that it may 
combino tritb the phosphobpius of tho medullary' shcjtlis. Such 
toxins probably ascend the peripheral nerves. We thus encounter 
both a local neuritis involving the nerves supplying tho region 
in 'nhicli the toxin originates, for example, (lalatal paralysis in 
diphtheria, and aL>o generalized polyneuritis, in which tho toxin is 
culminated in the blood>strcam and so reaches the peripheral 
nerves throughout the body, subsequently ascending them from 
their tenninatioas. 

Very varied causes may lead to deficiency of vitamin B 1 uhich 
appears essential to tlio nutrition of tho peripheral nerves. Dc> 
ficiency of other factors may also be important, as in tho poly* 
neuntis which occurs in eubacuto combined degeneration, and tho 
relationsliip between toxins and vitamin deficiency U latgeiy an 
unexplored field. 

In other cases the mode of production of polyneuntis is more 
obscure. 

Pathology. 

In general, pathological changes aro most marked at, and may be 
confined to, the periphery of tho nerve-fibres. In other cases the 
whole length of the neurone* appears to be affected, a condition 
which has been described as polyneurouitis. The most conspicuous 
alterations are found in the medullary sheatlis, the my clin of which 
undergoes degeneration, being broken up into globules. There is a 
proliferation of the cells of the sheath of Schwann, some of which 
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assume phagocytic properties. The extent to which the axis cylinders 
suffer is very variable. In severe ca^ they undergo severe degenera- 
tion. Recovery consists of regeneration of tho axis cylinders asso- 
ciated with reformation of the myelin sheaths. 

Symptoms and Prognosis. 

The symptoms and prognosis of the commoner and more im- 
portant forms of polyneuritis are described under their respective 
headmgs. 

Diagnosis. 

Ab a rule the diagnosis of polyneuritis is easy, o\v ing to the charac- 
teristic symmetrical and peripheral distribution of the muscular 
weakness and wasting, pain, tenderness, and sensory impairment 
The association of pain, ataxia, and loss of tendon reflexes in tho 
lower liniha may simulate tabes. Tlio paiu of polj-neuntis, however, 
which IS of a persistent, burning, and tearing character, is quite 
different from the lightning pains of tabes, and is associated with 
tenderness of the deep tissues on pressute, whereas in tabes these 
are insensitive. Although the pupillary reaction to light may he 
sluggish in polyneuritis, especially in the alcoholic form, a true 
Argyll Robertson pupil is never found, and tho Wasscnnaim reaction 
is negative, except in patients who happen to suffer both from 
syphilis and from polyneuritis. As stated elsewhere, some of the 
symptoms of subacute combined degeneration are due to an associ> 
ated polyneuritis. The true cause of these symptoms, however, is 
usually easily established by the presence of extensor plantar 
responses, impainnent of appreciation of vibration over the trunk 
as well as the limbs, and the presence of anaemia, glossitis, and 
gastric achylia, though the last may be present in patients suffer- 
ing from polyneuritis due to other causes. When a diagnosis of 
polyneuritis has been made, the diagnosis of tho cause is based 
upon distinctive features of the history and syunploms peculiar 
to the different varieties, and described under tbeir respective 
headings. 

Treatment. 

The first step m treatment is the removal of tho patient from 
exposure to the causal toxin and its elimination from the body or 
the correction of abnormal metabohe states or vitamin deficiency. 
The steps necessary for this are described in tho sections dealing 
with the various forms of polyneuritis When none of the common 
toxic causes of the disorder can be discovered, careful search must 
always be made for sources of infection in the teeth, nasopharynx, 
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and elsewhere, and the condition of the gastric juice should bo 
investigated by a test meal. 

Rest in bed is essential, not otJyon account of muscular ucakness, 
but also because the heart is frequently involved, either as a result 
of toxic myocarditis or of neuntis of the vagi. Careful attcutiou 
should always bo paid to the state of the pulse, tho position of tho 
cardiac apex, and the state of the apical first sound, and symptoms 
of cardiac failure should be sought. \Vhen the heart is affected, 
digitalis or cardiac stimulants may bo required. 

Local treatment conaista of the prevention of muscular con- 
tractures, the maintenance of the nutrition of the muscles, and the 
promotion of the recovery of voluntary power. Wrist-drop and foot- 
drop must be prevented by the uso of appropriate splints. As long 
as muscular tenderness is severe splints cannot bo borne, and the 
feet must then be supported by means of a sandbag placed beneath 
the soles, the ^veight of the bedclothes being taken bj* a cradle. 
Later, aluminium night-sboes may be used to support the feet at 
a right angle. When contractures have already developed the^ must 
be overcome by the use of an extension apparatus, and tenotomy 
of the tendo AcliiUis may bo require<l. Daily massage and passive 
movements should be instituted as soon as the patient is able to bear 
them, and the muscles may be stimulated electrically. Analgesic 
drugs will be required w hen the pain is severe. It is doubtful w hetber 
any drug influences tho rate of recovery from neuritis, but-Hnrris 
advocates the subcutaneous injection of strj'chnino, beginning with 
a dose of 6 minims of liquor stiydminao b ydrochlor. twice daily and 
increasing the daily dose by 1 minim every other day until 9 muiims 
are given twice daily, thb dose being continued for several weeks. 

Since vitamin B I appears essential to the nutrition of the peri- 
pheral nerves it is often given evenin caiesin which the poli-neuritisis 
not known to be due to deficiency of this vitamin. 
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AnsmaciSL R>r.y»KL'BJTJS 

Aetiology. 

PDljmeuritis may follow either aenteor chronic arsenical jwboning, 
more usuallj’ the latter. The arsenic may have heeii administered 
with intent to murder or in an attempt at suicide. It may Imie 
been taken accidentally or medicinally. For murderous purposes 
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white arsenic or sodium arsenite, which is contained in certam rat- 
poisons and weed-killera, has usually been employed. Arsenic has 
also been obtained from Dy-papcrs for this purpose. Accidental 
arsenical poisonmg may occur in occupations involving handling 
arsenic, though this is rare, or as a result of taking food contaminated 
with arsenic, as m the Majichester epidemic in 1000, when poisoning 
was produced by the consumption of beer brewed w ith glucose con- 
taining arsenic. Poisoning has also been produced by the inhalation 
of arsenic from wall-papers in which it has been used as a dye 
Medicinal arsenical poisoning is rare to-day, but was more frequent 
m the past, when Fowler’s solution was administered for long periods 
in the tieatment of chorea and pernicious anaemia. Polynieuritis is 
rare after treatment with arseno- benzene derivatives. 

Pathology. 

See p. 700. 

Symptoms. 

The symptoms of arsenical jxilyneuritis tesemble those of tlio 
alcoholic variety. As in the latter, sensory symptoms are conspicuous 
and pain is usually sevcie. Muscular weakness is usually more 
conspicuous in the lower than in the upper hmbs Korsakow’s 
psychosis or a confusional state may be present. In the diagnosis of 
arsenical polyneuritis the presence of abnormalities outaide the 
nervous system assumes great imjiortancc. In chronic arsenical 
poisonmg gastro-intestlnal symptoms may be absent. Excessive 
salivation is not uncommon, and there is often a secondary anaemia 
Cutaneous ejnnptoms aro usually iircscnt. These may consist of 
erythema or even of exfoliative dennatitia. In long-stamling cases 
tliere is often cutaneous pigmentation This is absent from the 
exposed parts and it consists of a fine motthng of the skin, with 
patches of a light chocolate colour, the intervening areas being white. 
Hyperkeratosis of the p.ilms and eoles is often found, tlio tliickened 
.skin presenting a smooth, somewhat waxy appearance. White trans- 
verse bands composed of deposited arsenic are found in the nails. 
Herpes zoster is a common complication 

Diagnosis. 

The diagnosis of polyneuritis is described on p. 707. 'Ihe diag- 
nosis of arsenical from other forma of polyneuritis depends ujxm tlie 
prcscnceof tlio abnormalities just described, esjiecially the cutaneous 
symptoms of arsenical poisonmg, and ujion the demonstration by 
appropriate toxicological tesla of arseme in the hair, nails, urine, 
or faeces. 
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Prognosis. 

The prognosiis of arsenical polyneuritis is good, prorided the 
general symptoms of arsenical poisoning are not too far advanced 
nhen the patient comes under treatment. Recovery of voluntary 
power, how ever, is alow and may take one or tw u j ears. 

Treatment. 

The patient should be given daily intravenous injections of 0 0 
gramme of sodium thiosulphate dissolt'ed in 10 c.e. of sterile dis* 
tilled water. This forma a liaruilesa compound with tha arsenic in 
the body. In addition the general treatment of poIjDcuritis should 
be carried out {see p. 707). 
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POLYNEtTMTia DUE TO TalOSTnOCBESTtmOSPIUTE 
During the spring of 1030, thousands of cases of polyneuritis, some 
of them fatal, occurred in the Uniteil States, on ing to the consump* 
tion of Quid extract of gmger adulterated with triorthocrcaylplios* 
pbate. The condition became known as 'ginger paralysis’. Arecent 
outbreak of polyneuritis in South Africa has bwn traced to cresyl 
esters in cooking.oil. The same toxic substance has been proved 
responsible for causing polyoeuritia in women who have taken apiol 
as an abortifacient. Both in man and in experimental animals 
triorthocresylphosphate produces a chroniatolysis of the ontenor 
bom cells of the spinal cord and of the ganglion ccLb of the motor 
nuclei of the pons and meduUa, and destruction of tbo myelin 
sheaths and axis cylinderg of the peripheral ncr^'cs. Symptoms of 
polyneuntis usually developed from tea to twenty days after tbo 
consumption of adulterated ginger, and consisted of bilateral Avnst- 
drop and foot'drop, with wasting of the distal muscles of the limbs. 
Pain in the limbs was common, but sensory' loss was inconstant. 
In many cases the paralysis has pioi-cd to be permanent. Acute 
retrobulbar neuritis has been described in apiol poisoning. For 
treatment see p. 707. 
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SUVRlTiS Cf)MPUrATISO SEKOTUElUrV 
Xvuritu id u ram »<e({ucl of bcrothenipy It hat been dcacribetl 
after iho adniinintrutioti of senim in the treatment of tcUnuH, 
lUphllieria, ami awrUt fever Nervous »jmj>toiiw usually occur t«o 
Of time days afler t ho o»«*t of t.i fMcaJ i») mptoma of »crum j-icknow. 
TUo commuuc^t Icvsion is u t>]>iiia| ncuritu, Iho lifth cervical spin<il 
nerve being must commonly atrvctcU on ono or both sales, with pain 
ill the corres|)otalitig acgmciual dialribution ami ]>arnlysia of tho 
inuaclea iimmatcd, e.specially tbedcltoiJ Iaca.s fretjnontly tho whole 
bruchial plexus may tw iiuuKed, leading to bmchiul ncuritli, or 
jwlyncuntis may occur. Cerebral symptoms, probably resulting from 
cerebral oedema, rarely occur. Optic ncunlU has been described. 
Coiijpleto recovery tasually occurs jn from ono lo cighti'cn months, 
though occadonaliy muscular weakness jicrsists. Treatment appro- 
priate to tho situation of the lesion must bo carried out. 
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PoLYNErUmS DUE TO VlTAMIS 11 1 DEFICIENCY 
Aetiology. 

Beri-beri »aa one of tho first diseases kno«n to bo duo to vitamin 
deficiency, namely lack of vitamin B I. Recently, deficiency of this 
Vitamin has bi-en «?k7H« to bo tbo tnam factor in iho cao&ition of 
polyneuritis associated with chronic alcoholism, pregnancy, various 
diseases of tho aluncnlary canal, and oven restricted diet. It is 
{wssibio that other causal fiictonc may be operatite, but it is con- 
venient to consider all these disordcra together in relation to their 
common factor, deficiency of vitamin B 1 . 



7!2 INTOXICATIONS AND DEFICIENCY DLSOKDERS 

This vitamin, aneurin, is contained in brewer'a yeast, in the genu 
and aleurone la^ er of ripe vrbeat and also in egg yolk, mammalian 
liver, and in smaller amounts in milk, green vegetables, potatoes, 
and meat. Adults require at least 550 intemational units of the 
vitamin daily. Many modem diets supply only about 350. Since the 
vitamin is contained in the gernunal layer of the ripe grain, natives 
uho live mainly on rice and consume the polished grain arc liable 
to suffer &om a deficiency of the vitamin in their diet and hence 
develop beri*beri. In civilized countries persons ^ho adopt a re- 
stricted diet, usually for treatment of some disease of the alimentary 
canal and continue it for long periods, may similarly develop poly- 
neuritis. 

It now seems likely that alcoholic ped^meuritis is not due to the 
toxic effects of the alcohol on the penpheral nerves, but in [lart at 
least to a defiaency of vitamin B 1, since if this deficiency is repaired 
the patient ma^’ improve though still permitted to take the alcohol. 
The main cause of the deficiency appears to be defccti% e absorption 
due to the effects of the alcohol on Uie mucous membranes of the 
alimentary canal and on its enzymes. At the same time the high 
calono value of the alcohol increases the need for vitamin B 1, and 
hence the relative deficieocj', and the deficiency itself in turn con- 
tributes to the gastric acblorhj'dria and so sets up a vicious circle. 
Thus there is no constant relationship between the amount of alcohol 
consumed and the liability to polyneuritis. Alcoholic x>oI>7ieuritis is 
more frequeotlj’ the result of the consumption of spirits than of 
other forms of alcoholic drink. The sex and age incidence are those 
of alcohohe addiction, most patients being middle-aged and males 
being affected more often than females. 

In pregnancy the principal causes of %'itamin B 1 deficiency are 
persistent vomiting, unsuitable diet, and increased requirements due 
to the needs of the foetus. 

Lesions of the ahmentaiy' canal may not only interfere with the 
absorption of the vitamin, but may also lead to the adoption of a 
deficient diet. >Such lesions include pyloric stenosis, gastro-entero- 
stomy, ulcerative colitia, dysentery, and stealorrhoea. 

The precise way in which lack of vitamin B I causes polyneuritis 
is unknown. It appears to be essential to the nutrition of the nervous 
system. Peters and others haie stated that in pigeons rendered 
polyneuritic by lack of vitamin B 1 the brain tlasuo loses its power 
to respire and pyruvic acid accumulates in it. 

At present it is impossible to be sure that <leficiency of other 
vitamins or dietary factors or even endocrine abnormities may 
not play a part in the aetiology of polyneuritis in alcoholism, preg- 
nancy, and disease of the ahmenfnr^’ canal. 
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Pathology. 

Tlio changes in the nervous system aio those of degenerative or 
parenchymatous neuritis (see p 706), which may involve either the 
eoznatie peripJjeral nerves, or the autonomic nerves, or Loth. The 
whole length of affected neurones exhibits degenerative changes, 
and chromatolysis is found in the ganglion cells of the anterior horns 
and posterior root ganglia of the spinal cord, and of the motor nuclei 
of the cranial nerves The changes m the muscles aie those charac- 
teristic of degeneration of the lower motor neurones In the wet 
form of beri-bcn thero .ire mj-ocardial degeneration, with enlarge- 
ment of the right side of the heart, chronic venous congestion of the 
liver and spleen, effusions m (lie pleural cavities and pericardium, 
a.scjtes, and oedenm of the skin and subcutaneous tissues 

Symptoms. 

Beri-bfri. 

The on-set in some casc-H is very rapid In others it is more gradual, 
and mild or larval forms occur The nervous symptoms are tj^pical 
of polyneuritis and consist of paracsthesuo and tenderness of the 
limbs, sensory lo^s, and progressive atropine paralysis, with loss of 
reflexes. Symptoms of cardiac involvement include dyspnoea and 
palpitations, (achycarih'a, cardiac dilatation, and 8>'mptoms of heart 
failure. Oedema may ho slight or extreme Di»turbance of function 
of the alimentary canal leads to Hatulence and consti])ation or 
diarrhoea. 

Alcoholic Polyntuntia 

Sensory disturbances usually p].vy a prominent part in the cljnic.U 
picture. In the early stages (he patient complains of numbness, 
tingling, and paraesthesuie in the hands and feet, and especially pain 
in the extremities The pain may bo very severe and is described as 
burning or ‘like tearing 8csh off the bones’. Ciamp-like pains occur 
m the calves and are especially severe at night. Following the early 
sensory disturbances the limbs Ixjcome weak, the lower limbs as a 
rule being more severely affected than the upper. 

As is the rule in poljiieuritfo, both motor and sensory symptoms 
affect predominantly the periphery of the limbs anti in a symmetrical 
manner. In severe cases both wrist-drop and foot-drop are present, 
the latter causing a ‘steppage’ gait, and there is some wasting of the 
peripheral muscles of all four limbs. Weakness ia most marked in the 
peripheral segments. If the patient can move his limbs ataxia can 
usually be demonstrated, and in one form of disorder — the so-caJJed 
pseudo-tabetic variety — ataxia is conspicuous in the low er lunbs and 
js due to loss of postural scnsibihty. Tliere is a blunting of all forms 
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of sensibility in the periphery of the limbs, culnneous anaesthesia, 
and analgesia usually extending up to tlio elbons and hnees. Pos- 
tural sensibility and apprcciatioii of passive movements are im- 
paired in the fingers and toes. At the same time pressure upon the 
muscles, especially’ those of the calves, is usually intensely jwinful, 
and scratching the solo may also evoke se^re pain. Exceptionally 
pain and tenderness ore ^ht or absent. 

The tendon reflexes are diminished or lost, the ankle-jerks dis- 
appearing before the knee-jerks. The plantar reflexes may also bo 
lost, but if present are flexor. The skin of the extremities is often 
oedematous and sweating. Muscular contractures readily develop, 
especially in the flexors of the fingers, the hamstrings, and the calf 
muscles, and fibrous adiicstons readily occur in the tendon-sheaths 
and around the joints. The sphincters are usually unaflccted. 

Abnormalities in the cranial nerves are inconstant. Tlie pupils 
tend to be contracted and may react sluggishly to light. Xystagnius 
IS common. Neuritis of the cranial nerves may be present, the vagus 
being most frequently invoU-ed, with a resulting tachycardia, and 
the facial next in frequency. Korsakow’s psychosis (see p. SflC) or 
alcoholic dementia may complicate the picture. The ccrebro-spinal 
fluid may bo normal, or its protein content may bo considerably 
increased. The symptoms of alcoholic poisoning of other organs 
besides the nervous system may be present. Gastritis is common and 
the IRcr may bo enlargc<l. ilyocatdial failure may also occur, and 
pulmonary tuberculosis U a not uncommon comiflication, Patients 
arc often obcso and florid. 

The sj-mptoms of polyneuritis complicating pregnancy and le.sions 
of the alimentary canal are similar to those of ulcoholio [wlyncuritis. 

V 

Diagnosis. 

The diagnosis of polyneuritis in genenil has been described on 
p. 707. Deficiency of vitamin 11 I os tho cause should bo suspected 
when one of the conditions already enumeratc<l as likely to raiiso a 
lack of this vitamin is present. Jrapairtxl excretion of the vitamin 
may be demonstrable in the urine. 

Prognosis. 

The prognosis of beri-beri is always grave in tho wet fonu, death 
frequently occurring from sudden heart failure. The outlook is leas 
serious in the dry form, and if cardiac failuro docs not proio fatal, 
recovery from tho nervous s^'mptoins may bo exjicctcd, thougii it is 
unlikely to be complete for from three to sLx months. The prognosis 
of other forms of polyneuritis due to Titamiii B 1 deficiency dejicnds 
u|x)n how early treatment is begun ai»d how- far it is {MXsiblo to 
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rcinovQ or proreiil llio recurrenoo of tlio causal factor, treat- 

ment can bo begun early the progiufoia in good, but m long-ntnnding 
cabes recovery may bo Incuiuplcte, especially in respect of return of 
jwHcr to tJio peripheral muscles. In somo cases of alcoholic i)oly- 
neuritis, in spile of early treatment and Ibo uitlidrav^al of alcohol, 
the disorder runs a rapidly progressiro course with increasing mental 
confusion, tenuinating cither 113’ death in coma or heart failure or 
from an intcrcurrcnt pneumonia. 

Treatment. 

Complete rest is essential and the (utient must not be allowed to 
sit up. Tho primar)’ requirement is adequate dosago with vitamin 
B 1, which must bo given parentcrallyatErst. Strauss (103S) recom- 
mends 20 to 50 milligrams of cr3’8tallino vitamin B 1 dail}' at first. 
Later tlio do.vQ can ho I'ediiccd and can bo supplemented by the oral 
administration of 30 gnimnies of brewer's 3east three times a day', 
or inarmitc may bo given in doses of half to two ounces daily. The 
patient should also take a diet rich in vitamin 1 $ 1, especially giocn 
vegetables, carruU, butter, and mamtnaban liver, and an adequate 
supply* of vitamin A should bo assured. liver extract may bo given. 
When heart failure is severe vcncseclioii may bo performed for tho 
relief of tho riglit side of the heart and cardiac stunulants may be 
necessary. Tho usual treatment of polyneuritis should be carried 
out (bco p. 707). Other causa) factors will require attention. In 
chronic alcoholics tho treatment of alcohol addiction must be 
combined with that of the polyneuritis (see p. CQ7). The coincident 
catarrhal condition of tho alimentary canal should receive attention. 
Patients in whom tho vitamin B 1 deficiency is secondary to disease 
of tho stomach, duodenum, or mtestuio will need appropriate treat- 
ment for this. 
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DiaBBTIC POLYREunlTIS 

Aetiology. 

It is unprobable that hypcrglycaemia alone is the cause of the 
neuritis which sometimes complicates diabetes. Age plays a part in 
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cau«.ttion, siaco neuntia is i>ccn almost exclusively iatlie muiillB>age(l 
and elderly. It is probable that atheroma of the vasa ncr\-orum is a 
predisiKteing factor. Tho susceptibility of diabetics to infcctiotis of all 
kinds may well lower their rcsdstaneo to infections causing neuritis, 
and I bale seen neuritis deielop acutely in a diabetic, following an 
attack of pncuiuunla. 

Pathology. 

See p. TOG. 

Symptoms. 

Loss of tendon relieves is \cr}* romnioti in diatx^tes in the absence 
of other signs of neuritis. Sc\cre|iolyiicimlis is exceptional. Scuisury 
symptoms usually predominate over motor, and the lower limbs are 
more alTccted than the up{icr. Pain m the cuUes may to con- 
siderable. Loss of po'<tural sensibility is oltcn marked in tho lower 
bmbs, leading to seicro ataxia. Local inlerslilial noiiritis is not 
uncommon in diabetes and U most frequently i>ccij in the external 
fwpbteal nerve. Ocular fiaUics occurring in diabetes have been 
asenbod to neuritis of the oculomotor nerves, but are moro probably 
due to voscidar lesions involving the ncrv'cs (see p. 14G). In elderly 
diabetics tho pupils arc often contracted and may react sluggUhiy 
to light. Other complications of diabetes may be preaeiit, including 
imjiaircd peripheral circulation, owing to arterial utbemnia, which 
may lead to gangrene of tho cxtrciuilies or }icrfom(iiig iiUer. 

Diagnosis. 

Tlie diagnosis of pol^-ncuritw is ticscnbcHl on p. 707. The origin 
of the dialictic form is settled by dlxcovcry of sugar in tho urine. 
The syniptoin.s of neuritis must bo disttnguLhui from tiiow of 
v.oscular occlusion. Confusion is not likely to ariec if the arterial 
puLsc U carefully examined both in the pniximnl and peripheral 
ports of the limbs. 

Prognosis. 

The prognosis of diabetic neuritis is good, provided that the 
patient responds satisfactorily to treatment for diabetes, that 
va.scular degeneration is not severe, and th.it trophic li'aions, Mich as 
gangrene and perforating ukvts. arc uliMint. 

Treatment. 

The usual treatment of diabetes must be carried out, including, 
if neccK^ary, tho Uac of insulin. Careful M'arrli should be lunile for 
sources of infection iin<l tiic treatment appru]>natc to polyneuritis 
given (see p 7u7). 
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ILtElfATOPORPIlirRlNC/EIC POLVNEUBITIS 
Tlio mre as&ociation of (mjIj uciintis « itlt haematoporphyrinurid is 
obscure, since littie is knonii concerning t]ie causation of baeniato. 
])orpliyrinuria, and tvo are quite ignoraut as to wliy polyneuritis 
should occur ui such cases Hncraatoporphyniuina may occur (1) as 
a congenital, and ijoinetimcs hcreilitary, abnormality , (2) as a result 
of tlio ingestion of sulphonal, trional, and barbital (it docs not 
usually follow the ingestion of these drugs until they have been taken 
for a cousiderablo time, though rarely it may occur after a single 
dose) ; (3) as an acute ‘ idiopathic’ condition of unlinoivn origin. 

There is some evidence that miestmaTtoxins may play a part m 
th® production of haematoporphynnuria, and dilatation of part of 
the alimentary canal has b^n described in a number of cases of the 
acute Idiopathic variety. Th© (wtholc^cal changes in the nervous 
system consist of degeneration of the peripheral nerves and of the 
ganglion cells of the anterior honis of the spmal cord, and of the pos- 
terior root ganglia 

Acute idiopathic hacmatoporphjTinuria is ushered in by sleepless- 
ness, pains in the limbs, and abdominal jwin, wliich may bo very 
severe and in a number of cases lias led to an exploratory laparotomy 
being undertaken. The urine becomes deep rod from the presence 
of haematoporphyrin. The character of the pol^meuritia is somewhat 
variable, but in a number of cases an acute ascending paralysis of 
the Landry type has developed Delirium is common. The prognosis 
in haeuiatoporphjTinurio polyneuritis is alwaj's grave and the mor- 
tality rate is said to be 50 per cent Large doses of alkali should be 
given and the treatment appropriate to an acute toxic polyneuritis 
should bo carried out (see p. 707). 
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Acute Ijjfecuve Polyseueitis 

Synonyms : Acute toxic polyneuritis ; acute febrile pol>'ncuritis ; 
‘rheumatic’ polyneuritis; syndrome of Guillam and Barrd; poly* 
radiculoneuritis. 

Dejinidon: An acute diffuse infective disease of the nervous 
system involving the spinal cord and peripheral nerves and occa* 
sionally the brain. ' 

Aetiology. 

Acute infective polyneuritis is a rare disease which may occur 
sporadically at any time. A number of cases were observed among 
troops during the 1914 war. (GuiUaioandBanr, 1916; Holmes, 1917 ; 
Bradford, Basbford, and Wilson, 1918). Most of the reported cases 
have occurred in males between the agesof 20 and 60 j ears. Theucut e 
and febrile course of the disease suggests that it is due to an infection 
with an organism, the toxins of which have a predilection for the 
lower motor neurones. It has been stated to 1» due to a virus, a 
minute rounded body measuring 0*2 to 0-.5 p in diameter, W’bich can 
bo cultivated, and cultures of which are said to have repttxluccd 
the disease in monkeys, but this has not been verified. 

‘Rheumatic’ polyneuritis, a form which has been described as 
following exposure to cold or wet, is probably the same, or at least 
a closely related condition. 

Pathology. 

Naked-eye abnormahtics aro slight and consist of variable con- 
gestion of the meninges, and jictcchial haemorrhages in the substance 
of the Bpmal cord, ^licroscopirally the spinal cord exhibits cliromu- 
tol^sis of the ganglion cells, both of tho anterior horns and of the 
posterior roots, witli slight perivascular infiltration with small, round 
cells Tho peripheral nerves, especially those containing motor fibres, 
sliow marked degenerative changes of their myelin sheaths, with 
proliferation of the cells of the siicatlt of Schw-ana and m. some 
cases swelling and fragmentation of tho axis cylinders. There is an 
inflammatory cxuilato with round cells and liacmorrhages. In long- 
standing cases degenerative changes arc foun<l In the muscles. 
Perivascular inflammatory infiltmtion has been obsened in the 
brain, and infiUration with round eclU may be present in tho liver, 
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kidneys, and lungs, the kidneys somstimea sliOHirig areas of acute 
nephritis. 

Since there is evidence of inflammatory ami degenerative changes 
throughout the whole course of the lower motor neurone, the con. 
dition is better described as a polyneuronitia than as a polyneuritis. 

Symptoms. 

There is frequently an initial febrile illness in which no nervous 
symptoms appear, followed by a period of latency, which may last 
from a few daj’s to several week*, at the end of whicli paralysis 
develops. In some cases the patient first comes under observation 
in the paralytic stage, symptoms of the initial stage being slight 
or absent. 

The first symptoms are usually headache, vomiting, slight pjTexia, 
and pains in the back and limbs, which may bo associated with 
a feeling of stiffness in the nock The jiaralytio symptoms, which 
develop after the latent period, usually come on very suddenly, 
accompanied by headache ami sometimes by a recurrence of the 
pyrexia. Leas frequently the onset of the paralytic symptoms ia 
gradunJ. The paralysis may affect all four limbs simultaneously or 
may begin in the lower limbs and spread to the upper. In contrast 
with other forma of pol^iieuntis all tbo muscles of a limb are usually 
affected, those of the proximal segment suffering as much as, or oven 
moro severely than, those of the distal segments. In severe cases 
the muscles of the neck and trunk aro also involved, and there is 
almost always paralysis of the facial muscles on both sides, though 
this is occasionally unilateral. Dysphagia may occur as a result of 
pharyngeal paralysis, but the palate usually escapes. External 
ophthalmoplegia is occasionally seen. The paralysed muscles are 
flaccid, but a severe degree of wasting is exceptional Superficial and 
deep reflexes are usually diinmislied or lost, but may be retained 
in spite of weakness of voluntary movement in the muscles con- 
cerned. The sensory symptoms characteristio of polyneuritis are 
usually present, and in the early sta^ the patient complains of 
pain, numbness, and tingling in the limbs. All forma of sensibility 
may be impaired over the peripheral segments of llio limbs and the 
muscles may be fender. The sphincters are rarely involved and never 
to a severe extent, though there may at times be slight retention of 
urine necessitating catheterization Cerebral symptoms are usually 
absent and consciousness is unclouded to the last, but a coufusional 
or Korsakow’s ps^’cLosis may develop. 

General symptoms of toxaemia may be present, including slight 
cardiac dilatation and albuminuria and an erythematous rasli. The 
blood shows a moderate polj'iuorphonuclearleucocytosis. Thocharac- 
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tcrUtic ihango in the ccrebro spiiul Huid is a great excess of protein 
with either a norma! tell count, or at most only a nioilcrato excess of 
mononuclear cells. This is tho ‘dia.sociation albumino-cytologiquo* 
stre-ssc-d by Guillain and ilarrc (191G). The iluid may bo yellow or 
brown and clot spont.aneou.dy. TTie high protein may persist for 
many weeks even after recovery. 

Diagnosis. 

Acute infective polymeuritU is readily' distinguished from other 
forms of jvolyncuntis by the acute fcbrila unset, tho rapid develop- 
ment of the paralysis, and the severe involvement of tho proximal 
limb musclc.s. It is distinguished from acute anterior jioliomyehtis 
by the sy'innictricul character of the paralysis, by tho presence of 
sensory* lavi, and by’ the sliglituess or absence of muscular wasting 
in the later stages. The diaguasis from Luidry’s p.iralysU is soine- 
w bat artificial, since some c.uscs of this conilit ion hav e probably been 
examples of acute infective i»olyneuntw. In typical l^ndry's jum- 
lysis, how ever, though the motor disturbances resemble those of acuto 
tnfectiv e ]Kily neuritis, sensory' lo-vs is slight or absent. Acute myelitis, 
csiiccially tho ascending form, iimv also cause vv iilcspncKl tlaceid 
l>araly*Bis, but in this condition tho plantar retlcxe-i aru usually 
extensor, sensory' losa is more extensive and involves the whole boiiy 
below the level of the lesion, and sphincter dLsturliancos are present. 

Prognosis. 

Tho mortality' of the disvaeo is high in sonio cpuiciuics, death 
usually occurring from paralysis of the respiratory muscles, with or 
without terminal broncbo-piicunioni.i. blight remissions arc not 
infrequent, but aru often followed by Mvern rela]i.->es. In siiorniiic 
ca.sc.s, however, tho outlook is iisually good, but improvement is slow* 
and the {uralysis, liavingrcaclicd its height, tends to remain station- 
ary for some wix-ks. In tho most fuvourublo cases tho ]>atient is 
nut hkcly to be convak^cent in loss than from three to six mouths. 

Treatment. 

No s|xrcific treatment U av.vilablc. Tlie usual treatment of i>oly'- 
ncuntia must Iw carriwl out fsce ji, 707.k 

nursing. An attempt may bo mado to tide the piticnt over an 
attack of respiratory {uraKsUby mcaiuof urtitkLil respirntiun with 
a Drinker's or llragg.PauI rfwjnnitor. During convalescence tho 
patient should bo kept in bed as long ivsany wuakn(*s.ioftlie (niiik 
muscles iicrsists, lest exertion aliuuld causo respiratory luralysls. 
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POLYNEUBITIS WITH PaUOTITIS AND IbIDO-CYCUTIS 
This syndiome, which has been described by Felling and Vincr 
and others, is characterized by gencrahzcd polyneuritis involving 
both the limbs and the facial muscles, bilateral parotitis and bilateral 
irido-cyclitis, with cycloplegia An erythematous rash may be 
present on the lower parts of the thigha and anterior aspects of the 
logs. The uveitis and {larotiiis are moie often seen nithoiit tlie poly- 
neuritis or with facial diplcgu alone. Histological changes ui the 
parotid glands resembling those of tuberculosis, but without tubercle 
bacilli, led to the disorder being called uveo-parotid tuberculosis, 
but it is now usually regarded as a form of Boeck’s saicoidosis, 
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Pink DiseIsb 

Stjnonyms: Erythroedeina polyneuritis, tiophodermatoneurosis, 
vegetative neurosis, acrodynia. 

Definition: A disease aflecting young cliildrcn, characterued by 
irritability, photophobia, a red discoloration, with slight swelling, 
of the hands and fcet, and symptoms of polyneuritis. 

Pathology. 

The pathology of pink disease has been investigated by Greenfield 
and Paterson, and more recently by WylUe and Stern. The changes 
in the nervous system consist of degeneration, especially of myelin, 
m the peripheral nerves In the spinal cord there is chromatolysis 

3a 
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of the anterior bom cclU, which is most apparent in the limiho-sacml 
region, together with a diffuae infiltration with snuH cells, probably 
glial in origin. Exceptionally, slight Infiltration has l>een found 
in the brain. Ljinphocytic initiation of the cervical s3-mpathetio 
ganglia has been described. Histologically the cutaneous lesions con> 
sist of bj'pcrkeratosis, hypertrophy of tho sweat glands, and lympho- 
cytic infiltration of tho corium, with oedema. 

Aetiology. 

The victims of the disease aro young children between tho ages of 
4 months and 7 y cars, the onset usually occurring betw ecn tho ages 
of 9 and 18 months. Zklaics aro afieeted slightly inoro often than 
females. The diacaso is widely prevalent, but is especially conimun 
in Australia and iu North America. Small local epidemics are 
characteristic. Moat cases occur beU\een the niituiim and early' 
spring. Some workers regard it as infeetiie, others os a deficiency* 
disease. A somew hat similar condition has been prcsluccd in rats by 
feeding tiiem on a rcstricte^l diet, and pink diseoso in some resiwcta 
resembles pellagra. There is no evidence, however, that it Ls duo to 
a deficiency of any know n vitamin. The prominence in the clinical 
picture of symptoms of autonomic disturbance have led to iU being 
regarded as a disorder of tho vegetative nervous system. 

Symptoms. 

Tlie earliest symptoms aro usually Uio»o ofn mild infection of the 
upper respuwtory tract or of tho alimentary* canal. Shortly after- 
wards tho child becomes miscriblc and irritable and siilTcrs from 
insomnia and loss of appetite. At the same time the hands and f(x:t 
become bliiUb-red, slightly swollen, and cold. In addition there is 
often an erythematous rash over the face, trunk, and extremities. 
There is always excessive sweating and desquanmtion occurs on the 
hands and feet. Tho rash is extremely irritatuig, and tho child fre- 
quently* adopts a characteristio posture, crouching in bed with the 
knees drawn u]> and its face buried in the pillow, to shield It from 
tho light. 

In hcvcre cases trophic disturbances are present, including ulcera- 
tion of tho mouth, falUng-out of teeth and nails and of the hair. 

There is no true paralysis, but tho mu.sclcs become extremely* 
hypotonic, and in chronio cotes the tendon redexes ate lost and 
analgeski of peripheral dUtribution may bo demonstrable. 

Pyrexia is absent after the prodromal stage, Tlio pulse is rapid 
and tho blood-prcssurc way bo slightly raised. Tho umie may* con- 
tarn a trace of albumin. The rerebro-spinal fluid Is normal, but the 
blooil shows a Icucocytosis. 
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Diagnosis. 

Tlie combination ofsyinptouis and their occurrence in eariy cliild- 
licKxl are unique, and tJje condition is, therefore, iinhkeiy to be con- 
fused uith any other. 

Prognosis. 

TJie mortality is low, apjiroximateiy 5 per cent., death being due 
to cardiac failure, or more usually to an intercurrent infection, such 
as broncho-pneumonia. The disease runs a chronic course and 
usually lasts from three mouths to a year. 

Treatment. 

Treatment is mainly symptomatic, though Wylhe and Stern have 
stated that benefit has been derived from liver, 2 oz. of pounded raw 
liver being given daily. Much depends upon care in nursing and feed- 
ing, and in severe rases to overcojuo the anorexia it may be necessary 
to feed tho child through a stomach tube Small doses of pheno- 
barbital constitute the best treatment for the irritability and sleep- 
lessness, Frequent sponging and chango of clotbmg uill be neces- 
sary on account of the sueating, and the child’s hands and feet 
must bo secured in gloves and socks to prevent scrstcliing. 
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DlPltTKERIA 

Aetiology. 

Neuritis is the commonest and moat important of the nervous 
complications of diphtheria, tho exotoxin of the Klebs.Loeffler bacil- 
lus having an aiSnity for the peripheral nerves. It is most frequently 
observed during childhood and la rare in adult life. According to 
Ilolleston, in spite of the general belief to tho contrary, tho occurrence 
of paralysis bears a definite relationship to the seventy of the local 
infection, which is usually faucial but may be extrafaucial. The 
introduction of antitoxin has greatly reduced tho incidence of para- 
lysis, uhich is almost unknown in patients who have received anti- 
toxin on tho first di(y of their illn^, and becomes progressively more 
frequent the longer the administration of this remedy is delaytjd. 

Palatal paralj'sia is usually attributed to tho ascent of the toxin 
from tlie common faucial site of infection to the medulla, though 
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RoUeston states that uben paralysis of the palate ilcrelops early 
it is due to myositis. A local ascent of the nerves by the toxin 
is responsible for the local development of paralj-sis following a 
cutaneous infection, the muscles paralysed being those supplied by 
the spinal segment from which the infected region is mncr\al«l 
jWalshe, 191S-19). Paralysis of accommodation anti generalized 
polyneuritis are due to the dtesemination of the toxin by the blood- 
stream to the ciliary muscle and the peripheral nerves. 

Pathology. 

The pathology of the neuritis lias no |)eculiar features and lias 
already been described (see p. 706). Hemiplegia, a rare complication 
of diphtheria, appears nsually to be due to a vascular lesion, cither 
embolism or thr^bosis of a cerebral aiieiy, or to an area of so-called 
acute haemorrhagic encephalitis. 

Symptoms. 

Paralysis of the palate, which U usually the earhest nervous 
sj’mptom, may occur within a few days of the onset of the infection. 
Usually, however, it develops during the second or third week. It 
IS generally bilateral but may be unilateral. It causes the voice to 
acquire a nasal character and leads to regurgitation of fluids through 
the nose on swallowing. The palatal reflex U usually lost. 

Paralysis of accommodation develops as a rale during the third 
or fourth week and leads to dunneas of lision for near objects. It 
is usually bUateral, very rarely unilateral, and nay pass unnoticed 
in myopic subjects who do not require to accommodate for near 
vision. The pupillary reactions to light and on convergence are 
unimpaired. Paresis of external ocular muscles is not very raro, the 
external rectus being most often affected. '' 

The symptoms of generalized polyneuritis, which arc not always 
preceded by' paralysis of the palate and of accommodation, do not 
develop until between the fifUi and seventh week after infection. 
At this stage paralysis of the constrictors of the pharynx, of the 
mtrinsic muscles of the larynx, associated ^rith laryngeal anaesthesia, 
and paralysis of the diaphragm are the most serious complications, 
on account of the dysphagia and dyspnoea to which they lead. The 
adductors of the vocal cords are more often paralysed than the 
abductors. Paralysis of the neck muscles may occur. 

The lower limbs are usually more severely’ affected than the upper, 
and movements of peripheral segments euft'er more than those of 
proximal segments. Sensoiy loss u common, cutaneou.s anacsUieBia 
and analgesia of the ‘glove and stocking* distribution being awio- 
ciated with tenderness of the muscles on pressure. Postural sensi- 
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;y is often grossly impaired, leading to marked ataxia, especially 
Ue lower limbs, the so-called ‘pseudo-tabetic* form ofdiphthentio 
vlysis. 

he tendon reflexes are lost early and may remain absent for 
jtbs or even for years. Loss of tlie tendon leflexea may occur 
he absence of other symptoms of polyneoritis and, with or with- 
palatal palsy, may constitute the only nervous symptoms of 
htheria The plantar reflexes may be unobtainable but are usually 
or, though RoUeaton has drawn attention to the occurrence of 
jnsor plantar responses, an indication that the iiyramidal tracts 
iiirolvcd in the intoxication. The sphincters are iisualiy un- 
cted, but impotence has frequently been described. The ‘cardiac 
alj'sis’ of the early stages is probably duo to the effect of the 
ui on the myocardium, but at any stage tachycardia may occur 
, result of vagal paralysis. The cerebio-spinai fluid may be normal 
ts protein content may be mcicascd. 

hphthentic hemiplegia is fortunately rare. The syinpto7na are 
ikr to those of other acquired forms of infantile hemiplegia (see 
553). Iilenmgiam is not very uncommon ui the acute stage of 
htheria. Cervical rigidity or opisthotonos may be associated with 
dity of the limbs, so-cailed ‘spasmodic diphtheria’. The cerebro- 
lal fluid in such cases, though lU pressure may be increased, is 
inal in composition Permanent bulbar palsy is a raic sequel of 
htheria. 

ignosis. 

for the diagnosis of poJyueuntis see p 707. The diphtheritic 
tn is usually c.asily I'ecognized on account of the age of the patient 
1 the occurrence of such cliaractcrLstic features as palatal paralysis 
1 paralysis of accommodation The diphtheria bacillus should 
ays be sought at the site of infection, but may be absent. In 
ibtful cases the Schick test may bo of diagnostic value, suice a 
iitive reaction indicates that the patient probabI> has not had 
-htheria. A negative reaction, however, is of little eigniflcance 

ognosis. 

Che prognosis of the paralysis is usually good if the child survives, 
ralysis of the palate and of accommodation disappears in from 
ee to SIX weeks, and recovery from the paraly^Js of the limbs is 
lally complete, though this may take several months. Paralysis 
the pharjnx, larjmx, and diaphragm, though equally recoverable, 
jf seiious import owing to the risk of broncho-pneumonia which it 
roives. Permanent paralysis of the limbs is fortunately very rare, 
t I have seen one ease. Hemiplegia is a serious complication, as 
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not only may it prove fatal, but in patients who survive recover}' is 
usually incomplete, and epilepsy and mental defect may occur as 
sequels. 

Treatment. 

The routine treatment of diphtheria mcludes injection of adequate 
doses of antitoxin as early as poissible. If this has been earned out, 
the administration of further doses when paral}'sis develops is of 
doubtful value. Paralysis of the limbs should be treated on the lutes 
laid down for the treatment of polyncuntis (see p. 707). Paralysis 
of the pharynx and larynx necessitates special care In feeding. Food 
should be of the consistency of porridge, and if, in spile of this, 
coughing occurs, it ivill be necessary to employ nasal feeing. Such 
patients often derive benefit from the injection of atropine sulphate, 
gr. 1/lOOth, combined with strychnine sulphate, gr. 1/COth to l/30th, 
twice or three times a day. Cardiac stimulants may bo required, and 
respiratory paralysis should be treated with a Drinker or similar 
respirator. 
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Lepbocs Nbubjtis 

Aetiology. 

leprosy is due to infectioa with the bacillus leprae of Hansen, an 
acid-fast bacillus, staining like the tubercle bacillus by Ziehl-Neelsen’s 
method. The mode of infection is uncertain, hut the disease is 
probably contagious. The organism lias a predilection for the mucous 
membranes and peripheral nertes. Nodular, anaesthetic, and mixed 
forms occur. The anaesthetic form alone will be described here. 

Pathology. 

The characteristic lesion is a granuloma, the leprous nodule, com- 
posed of large, connective-tissue cells, the lepra-cells, contaming 
the lepra bacilli and surrounded by epithelioid and plasma-cells and 
fibroblasts. The peripheral n^es arc invaded by the nodules, the 
mfection usually beguining at the periphery and gradually ascending 
the nerve, leadmg to marked irregular thickening. The axis cylinders 
and later the myelin sheaths degenerate. The posterior root ganglia, 
the Gasserian ganglia, thesympatbeticgangUa.anJ tbeanterior horns 
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of the spinal cord may be invaded, and w ithin Jhe cord fibres derived 
from the posterior root ganglia undergo degeneration. 

Symptoms. 

The onset of symptoms is gradual Prodromal symptoms of a 
toxacmic nature may be present. These are followed by pains 
referred to the distribution of the peripheral nerves in the limbs and 
often by a sense of numbness of the extremities. Symptoms tend 
to bo symmetrical, anaesthesia of the ‘glove and stocking’ distribu- 
tion developing, together with atrophic paralysis of the muscles of 
tiie peripheral segments of the limbs. Facial anaesthesia and para- 
lysis due to involvement of the fifth and seventh cranial nerves are 
not uncommon. Trophic cliangcs are conspicuous m the limbs. 
Bullae, ulceration, and necrosis of the phalanges occur, and the fingers 
may all ho lost. Thickening of the peripheral nerves is usually, but 
not invariably, palpable. 

Diagnosis. 

Leprous neuritis must be distinguished from other forms of poly- 
neuritis, especially from progressive hypcrtropliic polyneuritis, in 
which also palpable thickening of the peripheral nerves may occur, 
from syringomyelia, and from Raynaud’s disease. 

Prognosis. 

The prognosis is bad, as the disease is invariably progressive in 
spite of treatment. In (lie anaesthetic form the average expectation 
of life is said to bo ten years after the onset of symptoms. 

Treatment. 

For the treatment of leprosy the reader is referred to text-books 
of tropical medicine. 
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PBOGBESSIVE HVFERTROPiUO PoLYNBUBlTlS 

Dejinilion: A rare disease, frequently familial, characterized by 
conspicuous enlargement of the peripheral nerves, associated with the 
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sjTnptoms of elanly progrcsMTO poIjiieHritis and i>onictimes ujth 
other abnormalities. The disease was first described in 1889 by 
Gombault and Mullet, but is usually associated with the narnca of 
-Dejerine and Sottas, who reported two cases in 1893. 

Pathology. » v 

There is a great increase in the rolumo of the })criphcral nerves, 
though some inaj* be affected more than others. The sciatic ner^ 
tn a ca&e reported b}' Harris and Neueoinb measured 1 1 in. in dia- 
meter. In addition to the nmes of the limbs the cranial nerves 
may be involved, and similar changes have been described in the 
sympathetic nerves, the cauda ei|uina, and the spinal roots. The 
thickening is principally due to liy|tertrophy and proliferation of 
the cells of the sheath of Schuann, which may coalesce into 
masses penetrated by nerve-fibres or may be fiattened into layers 
re.ocmblmg an onion. The intcrfibrillar connective tissue of the nerve- 
sheaths also undergoes hypertrophy, Ihougli to a less extent. The 
myelin sheaths of the nerves degenemte, especially peripherally*. 
Degeneration of the axis cylinders is variable. Plasmatic swellings 
of spinal ganglia have been de^enbed. Within the spinal cord 
degeneration of the {>o»terior columns is frequently, hut not Inv'ari* 
ably, present, and is probably secondary to the changes in the 
nerves. It is mo»t marked in the lumbo-sacral region and in the 
cervical coni is confined to the column of Ooll. Tlie muscles exhibit 
a simple atrophy. 

Aetiology. 

Although sporadic cases occur, the disease is usually familial and 
may be hereditary. Bu:>setl and Garland have tlescribed fully de- 
veloped or abortive cases in four generations of the same family*. 
Although it is described as polvDCuntis, it is unlikely* that it is 
infiauimatory in nature. iSome authorities have considered that it 
resembles peroneal muscular atrophy, but it f>eems more closely 
related to neurofibromatosis. Hie onset of -lymptoms usually occurs 
in childhood, but exceptionally has been defend until adult life. 

Symptoms. 

Sensory symptoms are usually 'prominent in the early stages, and 
patients frequently complain of shooting pains in the limbs, which 
may be associated with a sense of numbness in the hands and feet. 
Difficulty m w alking is often an early complaint. ^Muscular weakness 
and wasting develop as in polyneuritis syimnctrically in the {leri- 
pheral muscles of the limbs. Ktbec the liamis or the feet may he 
first affected, or both may suffer nmultaocously'. The wasting rarely 
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extends above tJjo knees or tlie elbous. Coarse fibrilJation is fre- 
quently i>rescnt in the «ffect«l muscles, Hbicli Cihibit the leaction 
of degcjieration. Claw-bnnd and claw-foot may follow the njuaeuJar 
atro2>hy, but pea ravua may bo present as a congenital abnormality. 

Cutaneous eensory lo-^s of Ibo ‘gloso and stocking' distribution is 
found, and jiostural scnDibtltly ih also impaired. 

Argj'll Roberlaon pujiila have been described in a small jiroportion 
of cases, and the pupils, though reacting normally, may be sniall, 
probably on account of oculo-s^nipathctic paral_>sis Nystagmus 13 
frequently present. The deep rellexcH are iltiuinUhcd or lost in the 
affecleil niuhclcs; the plantar icflcxes may bo lost; exceptionally 
cxtcn.>>or plantar relloxea have boon described. Kyphoscoliosis is 
somciimes present, and arthto|Uthic changes have been observed ui 
the joints of the limbs. Palpublo thickening of the peripheral nerves 
is a valuiiblo diagnostic sign but is not uivariably present. 

Diai<nQsis. 

There is little difliculty in making a eoircct diagnosis in a patient 
presenting the symptoms of a slowly i>rogrcssivo polyneuritis and m 
whom the peripheral nerves are lluekonc<l The only common con- 
dition in which comparable thickening of (he nerves uccura is ncuro- 
flbroniatoda, und in tin's discabo It is niru to find pnipablo (Inckoiimg 
of the deep ncn'cs, such as the ulnar, and (lolynctiritio symptoms are 
absent. U’hen no thickening of the nen-cs can be felt, hy|«ftrophic 
neuntisrcquircs tobodiatingmsbod from other forms of jiolyneuntis. 
Prom these it can be diifcrcntiated by its familial jncidcnce, onset 
in cliildhocx], and slow progressive course, and byTho absence of the 
common cau.ses of ixilyuciiritis. Unless thickenmg of the nerves can 
bo felt, it may bo diflicult or unpORfublo to distinguish it from 
(leroneal muscular atrophy. Biopsy of a superficial cutaneous ner\ e 
may bcttle tho diagnosis. 

Prognosis, 

Tlio course of tho disease is extremely slow and is usually steadily 
progressive, though Harris and Newcomb have desenbed a case 
ill which remissions occurred. \Vlicii the onset is in childhood 
patients usually survive to adult life, bccommg increasingly crippled, 
and finally bcdridilen. Death usually oceura from some iiitercurrent 
disease. 

Treatment. ^ 

No treatment ia knowTi to influence the course of the cliseaso, but 
treatment on the lines indicated for pcdyiieuritis w ill help to maintain 
tho power of tho limbs as long asposaible. 
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Cheoxio Phogkessive Polyjtxokitis 
The term ‘chronic progressive poljmeHritw’ or 'slow chronic poly* 
neuntts’ (Harris) has been applied to rare cases of polyncuniis which 
cannot be arinbuteJ to any of (he common toxic causes and which 
nm a dowly progressive coun>e. Nothing is known about the causa* 
tion of this condition, but it may be found to bo due to deficiency of 
ntammB 1. Tlic pathological changes In Ibo nervous s>’B(cm consist 
of vtidespread degencmtlon of the peripheral nerves, especially of 
theu motor fibres. There U progrevsivc weakness of tho limbs, 
associated with some wasting, especially of the peripheral segments, 
and sensorj' loss of the type characteristic of iiol^mcuritis. Paiu is 
often less iievcre than in the more rapidly developing forma. The 
cranial nenes may Im involved in the later stages, leading to 
dr<>artUna and dysphagia. Increaso in the -severity of the symptoms 
continues for a ouinher of aioaths and the disea'<c may terminate 
fatally, as in one jiaticnt whom I saw ami wbo»c case, with a patho* 
logical esamination, has been reported by<n>Itind and Ru»i«ll. 
Complete recovery, however, may occur or tho disorder may bccomo 
arreated, leaving the patient with some permanent muscular vieak- 
ncss, associated with contractures, ns in another of my ]iatients, in 
w hom gastric achylia w as present. Careful search must be made for 
po^siblB sources of exogenous and endogenous intoxication. The 
gastric contents shoulil be mvc'itigatcd. The tre.itment of poly- 
neuritis duo to vitamin B 1 deficiency bliould bo carried out. 
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llECCBbCXT 1 *oi,vsei:biiis 

Recurrent or relapsing jiolyncuritis is a rare form of polyneuritic, 
in uhicli repeated attacks occur, usually eeparated by intervals of 
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several years. Only a small numlwr of sucli cases have been leported. 
MigJey (1933) has roviencd the literature and reported three 
members of the same family who sufifcrod from recurrent polyneuritis 
in pregnancy' and the puerperiam. One of uiy patients was a boy of 
16, whom I saw in his fourth attack, the fiist having occurred when 
ho was 4 years of age, and each attack heing folJoued by complete 
recovery. In a middle-aged woman, who was seen in her third attack, 
there was some pennanent muscular wastuig and weakness No 
cause can he found. The iccurreiit form appears to be closely related 
to the chronic progressive variety and should receive the same tieat- 
raent. 


REFERENCE 

UhQLEY, C C (1033). Ilecurrent pol>nountH J Seurol. tl I’sychopatli m\ 
15. 


POLVNEUIUTIS CbaNIALIS 

The term ‘polyneuritis cranialts’ has been used in two senses. 

(1) Certain of the cranial nerves may be involved in polyneuritis 
in association with the nerves of the hmbs The cranial nerves aie 
commonly attacked in acute infective polyneuritis, but there is 
probably no form of polyncuutis in which cranial nerves may nut 
suffer. They are usually synimclncally affected. The facial nerve 
is most frequently involved, leading to facial paralysis, which is 
usually bilateral, and next in fiequency the bulbar nerves, leading 
to dysphagia, and the trigeminal Tlie oculomotor nerves arc less 
frequently affected, and the optic nerves usually escape, though I 
have twice seen bilateral optic neuritis associated with seveie poly- 
neuritis. Exceptionally the cranial nerves may be alone affected 
in polyneuritis or there may be only slight involvement of the 
nerves of the limbs, indicated by paraesthesiae or diminution in 
the tendon reflexes. 

(2) Tlie term 'polyneuritis cranialis’ has also been applied to an 
inflammatory lesion of multiple cranial nerves within the skull. This 
usually follows osteomyelitis of the bones of the base of the skull 
or basal pachymeningitis secondary to chronic otitis media. In such 
cases the affection of the cranial nerves ia usually unilateral. The 
lesion may involve the anterior group, thud, fourth, fifth, and sixth, 
or the posterior group, seventh to twelfth, but m some cases almost 
all the nerv'es may suffer. Tliis condition must be distinguished fiom 
compression of multiple cranial nenrea by neoplastic infiltration of 
the meninges. 
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POLYSEURITIS DOB lO PeBUBTERITIS NODOSA 
Though periarteritis nodoba is an uncommon disease it desen'es 
mention because the preaentmg symptoms may be tliose of involve- 
ment of the peripheral nerves. , 

This disorder, ivhich is probably due to an infection, is charac- 
terized hy a lesion in the arteries which begins with necrosis of Uia 
media and, the internal elastic lamina which is/ollowcd by extension 
of the mflamroation to the adventitia and by periarteritis. Proli- 
feration of the intima produces gradual narrowing of the lumen of 
the vessel. Secondary aneuiy’sm formation is exceptional. Degenera- 
tion of the peripheral nenes is secondary to the damage to the 
nutrient arteries. Similar lesions may occur in the brain and spinal 
cord. 

The symptoms of mvolvement of (be pcnpbeial nerves are those 
of multiple interstitial neuritis rather than toxic polyneuritis. Pain, 
tenderness of the nerve trunks and muscles with muscular wasting 
and weakness, loss of refiexes, and senisory loss are irregularly distri- 
buted accordmg to the distribution of the nerves affected. Rctuial 
% ascular lesions may occur and cerebral lesions may lead to headache, 
convulsions, hemiplegia, mental dullness, and coma. TheBpinalfiuid 
may be under increased pressure and tbero may bo xanthochromia 
and a polymorphonuclear leucocytosis. 

The general symptoms are (hose of a venous infection with fever, 
loss of weight, and focal visceral symptoms depending upon the 
situation of the lesions which lend to involve especially the kidneys, 
heart, liver, and gastrO'Uitestmal tract. The blood may show a 
leucocytosis and occasionally an cosinopbilia. In most cases there is 
hypertension. 
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CHAPTER XVI 

DISORDERS OF PERIPHERAL NERVES 
L TUMOURS OP NERVES 

The connective tnsuo of a peripheral nerve may be the site of a 
tumour, either benign — a fibroma, or malignant— a sarcoma. Such 
tumours do not differ from Bunilar tumours elsewhere, and their 
i-elationship to the nerve is in a sense accidental. Tumours peculiar 
to peripheral nerves consist of tumours arising from the nerve ele- 
ments and those arising from the nerve-sheaths. Primary tumours 
of the nerve elements are extremely rare, but a nemo-einthelioma 
has occasionally been described on a peripheral nerve. The pen- 
neurial fibroblastoma is a tumour arising from the nerve-sheath It 
is seen in several syndromes, variants of neurofibroblastomatosis, of 
which von Recklinghausen's disease is tho best known (see p 502) 

2. LESIONS OF PERIPHERAL NERVES 
♦ General Coksidebatjons 
Symptoms of Complete Division. 

Complete division of a mued peripheral nerve causes motor, 
sensory, vasomotor, and trophic symptoms corresponding in ana- 
tomical distnbutioii to the region in whicii these functions are 
supplied by the divided nerve. 

(1) J/otor Syraptains. 

Interruption of the motor fibres of the nerve leads to a lower 
motor neurone paraijsis of the muscles which it innervates The 
muscles innervated exliibit a flaccid paralysis and rapidly waste 
Tiie reflexes in which they p.irticipatc are diminished or lost, and 
reaction of degeneration develops. Investigation of the motor func- 
tions of a nerve involves testing (be patient's power to contract 
tho muscles both as prime movers and also as synergists. Tho 
observer must be on his guard to detect trick movements, for it is 
frequently possible for a movement which is normally effected by a 
psraJj’sed msscie to be earned out by another muscle when the 
segment of tho limb is first placed in an appropriate position. Tho 
electrical reactions of tlie muscles must also be tested, and in the 
case of the small muscles of the hand electrical testing often gives 
more reliable information as to the extent of paralysis than does 
voluntary movement. 
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(2) Scmalwn. 

The methods of carr 3 nng out tests of sensibility are described 
elsewhere; see pp. 23-6. Division of a sensory nerve cajtses com- 
plete loss of sensibilitj’ onlj’ over the area exclusively supplied by the 
nerve. The cutaneous area over which appreciation of light touch is 
lost is usually^ considerably greater than the area characterized by a 
loss of appreciation of pm-prick. In /nrcstigating the former the 
area of skin to be tested should atuaj's be shaved. The area over 
»hicb appreciation of pio-prick islost isoften ill-defined and merges 
gradually into areas in which this form of sensibUitj* is present, 
though grossly impaired. In some cases, even of complete division 
of a nerve, the completely analgesic area is surrounded by a zone in 
which, although a stronger stimulus than normal is neec.'^r^' to 
evoke pain, the painful sensation U more than usually disagreeable. 
The term ‘deep sensibility’ is used to include the appreciation and 
localization of pressure and the pain induced by deep pressure and 
the recogmtion of posture and passive movements of the joints. 
According to Head, fibres subsen’ing these forms of sensibility in 
the upper hmb leave the peripheral nerves in the forearm and subse- 
quently pass do^^'n\va^d8 with the tendons. Hence deep sensibility is 
not likely to be lost on the fingers when the median or ulnar nerves 
are divided at the nrtst, as tongas the tendons are Intact. Stopford, 
however, has demonstrated t^t, although some fibres concerned 
in deep sensibility may pass with the tendons, others undoubtedly* 
go with the digital branches of the median and ulnar nor^'es, and 
he has observed an impairment of deep sensibility in the libtal parts 
of the digits after division of these nerves at tho wTut. It U generally 
agreed, however, that iinpainncnt of deep sensibility, when present 
as ajesult of nerve division, is couliiicd to a peripheral area w hich U 
less extensive than the area anaesibetio to light touch. 

(3) rasomotor and Trophic fwnctioMS. 

Vasomotor and trophic disturbances which follow' destruction of 
a motor or a mixed nerve are probably due, at least in part, to the 
interruption of efferent sympathetic fibres concerned in vasoconstric- 
tion. These disturbances aremost marked after injuries ofthe median, 
ulnar, and sciatic nerves. After complete divUion of a nerve tho 
analgesic are^of skin becomes dry and inelastic and ceases to sweat. 
The surface becomes scaly owing to retardation of desquamation ; 
the affected area is blue and colder than normal, especially in cold 
weather; and tho limb becomes oedematous when it is allowed to 
hang down. The analgesic area is exceptionally liable to injury*, and 
when injured heals slowly, so that ulreiw may develop. The growth 
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of tho nails is retarded. Adhesions Iwtweeii tendons and tlieir sheaths 
and fibrous changes in tho muscles and johits are to bo regarded as 
complications rather than as direct results of tho nerve injury, 
since they can bo prevented by massage and movement of the jouits. 

Symptoms of Recovery. 

Recovery of function after complete division of a nerve occuis by 
means of a down-growth of the nerve-fibres from the central end, 
and can therefore take place only when the divided ends lie in 
apposition or havo been brought together by suture. The time 
required for recovery dcjiends princitially upon the distance which 
the regenerating fibres have to travel from the site of injury to their 
normal destinations. There has been much theoretical discussion 
concerning tlie interpretation of the sensory changes w hich character- 
ize returning function, but there is consideniblo agreement as to the 
facts. The first indication tliat ncrve-fibies have passed into the 
distal part of the nerve may be a peculiar sensitiveness of the nerve- 
trunk below tlio site of tlie union. Meclianical stiiniilation readily 
evokes a tingling sensation which is referred by the patient into the 
territory of the neive (Tinel'a sign). Before other objective signs of 
recovery appear the patient may say that the part feels more Iife-like 
or is less numb. The first objective sign of returning function is a 
diminution in the area of impairment of deep sensibility. Painful 
sensibility returns next, but for a long time exhibits characteristics 
which distinguish it from normal painful feehng. During this stage 
of recovery, a stronger stimulus than normal may bo required to 
evoke pain, but the response is of a pecnliarly unpleasant quality, 
and is a diifusc and badly localized Bensatiou. Somewhat later the 
alfected area hecomes sensitive to tho extremes of heat and cold 
The appreciation of light touch and its accurate localization do not 
recover until many months alter the return of painful sensibihty, 
and frequently never recover completely. When recovery of apprecia- 
tion of fight touch occurs it is associated with the disappearance of the 
uncomfortable and irradiating character of pauiful sensibility. Head 
has termed the form of sensation which first recoveis ‘protopatbic 
sensibility’ and the fonn which recovers later ‘epicritic sensibility’ 
and has attributed a biological significance to this distinction 
Other workers, however, liave drawn attention to the obstacles in 
tho way of complete return of function in regenerating nerve-fibres 
after section of the nerve and attribute the peculi£frities of the pioto- 
pathic stage of recovery to abnormalities in tho insulation of the 
pain-fibres. 

With the return of painful sensibility, vasomotor changes becorao 
less conspicuous and the skin heals more readily. There is frequently 
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pads are w astcd, so that the nail-beds protrude ; the joints are stiff 
and swollen and the hones rarefied and brittle. Tenderne^ may be 
evoked either by superficial or by deep stimulation or by l>olli, in 
a small proportion of cases only by the latter. Superficial tenderness 
usually extends over the whole cutaneous area innen'ated by the 
nerve and thus is more extenuve than the area of anaesthesia pro- 
duced by nerve section, which corresponds to the area exclusively 
supplied by the nerve. Tlie affected nerve may be tender throughout 
the whole length of the limb, even as high as the brachial plexus. 
There may be httle or no associated muscular paralysis. Owing to 
the extreme tenderness of the affected part the iwtient makes every 
effort to protect the limb from all forms of external stimulation. 
Similar symptoms maybe referred to the stump following amputation. 

The recent work of Lewis (1037) suggests that causalgia may be 
due to imtation of nerves of the nocifensor 83 stem running to the 
skin, aa a result of which a substance is discharged which lowers the 
threshold of the jiam fibres. 

Treatment. 

The satisfactory treatment of causalgia is always difficult. The 
most effective method of relieving the pain is to excise the damaged 
portion of nerve and resuture it. ThU means, bow ever, substituting 
for an incomplete Icaion a complete one, w it Ii prolonged, and possibly 
permancat, disability. On the other hand, if medical treatment ia 
unsuccessful and operation is to be undertaken months affer the 
mjury, excision of the damaged portion of nerve may be of no benefit 
and the pain may persist even after interruptionofthe spino-fhatamic 
tract in the spinal cord. Generally it is wise to begin with medioal 
measures and review the poMtioii after a month or two. If the 
patient is then standing the pain well and getting adequate sleep, 
the outlook for medical treatment is good. If, however, ho is not 
making progress and especially if he U a neurotic individual, surgical 
treatment should be carried out. 

^Vhea medical treatment is employed the position should he 
explained to the patient and fait intelligent co-operution obtained. 
Moist local applications usually ^ve most relief and should bo used 
at the temperature which the patient finds most comforting. Some- 
times relief is obtained from pamting the affected part with a 
mixture of equal parts of camphor, menthol, and cldoral. The 
following mixture is a valuable one: 


B. Poiasaium bionude .... gr. 10 
Tmeture of gclncnuum . . . iq, 10 

Plienozono - gr.7J 


Water to J ox., tlixice daily. 
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Aspirin aiul pyrainidon, .la gr. 6, may bo given as required, with 
the addition, if necessary, of heroin, gr. 1/I2th, but the risk of heroin 
addiction must always bo. kept in mind. Phenobarbital, gr. 1, 
barbital, gr. -i, or soluble barbital, gr. 7J, may be required to 
ensure sleep. To avoid diminisliing the patient’s resistance to pain, 
drugs should as far us ]>ossibIo be given only at night 
The limb should not be immobilized. Mass,^ige and passive move- 
ments should be carried out as far as they can be tolerated. Elec- 
tricity is of little or no value, but therapeutic X-ray irradiation of the 
damagcHl nerve should bo tried 

If oiierativo treatment is decided uiton, either the damaged area 
of the non’o must bo czeised and the ncr\ e sutured, or the nerve must 
bo injected wath alcohol above the level of the lesion A 70 per cent 
solution appears to give ns good relief of pain as absolute nleobol and 
13 likely to euusc less severe dcgeucration If local operation fails to 
give relief, section of the posterior roots or of the opposite spino- 
thalamic tract in the spinal cord must bo considered, but these 
mejiures will often piove ineffective If posterior root section is to 
bo done, it must bo carried out on a large Hc.ile, and nothing can bo 
liojied from this operation unless not only those roots siippl^ung the 
limb but also two or three above and below are divided 
Causalgicjt^Tnptomsinumputationstumpsin theubsenroof active 
infection are usually duo to painful nccve-biilbs and should bo dealt 
u'it }i by dividing tlie nerve as high above the bulb as possible, crushing 
and ligaturing tho end, and injecliiig the nerve wttli absolute alcohol 

3 SYMPTOMS AND TREATMENT OF INDIVIDUAL NERVE 
LESIONS 

Tub Phbehic Nerve 

Tho phrenic nerve is derived from tlie anterior primary divisions 
of the third, fourth, and fifth cervical spinal nerves, tlie main contri- 
bution coming from tho fourth. It is tho motor nerve to the dia- 
pliragni. Irritation of the ])hienic nerve causes a dry, unproductive, 
‘barking’ cough. Rarely it may cause hiccup. Paralysis of the nerve 
causes Joss of movement of the diaphragm on tlie affected side. The 
effects of this are most evident when the lesion is bilateral Tlio 
diaphragm fails to descend on inspiration and may actually he 
drawn upwards. .There is jorreased ovexsiDii of the rostaj margins 
with indrawing of the upper abdominal wall on inspiration. Dia- 
phragmatic paralysis causes no symptoms as long as tho patient is at 
rest, but dyspnoea may occur on exertion. Tho resulting dimmu- 
tion in expansion of the bases of the lungs renders the patient hablo 
to develop a basal broncho-pneumonia. 
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Diaphragmatic paralybis la mobt frequently produced by lesions, 
involving the anterior hom tells of the spinal cord in the third, 
fourth, and fiftli cervical segraents, for example, acute anterior 
pohonijehtis, Landrj’’8 paralysis, and tumours of the spinal cord. 
The picnic nerve may be intentionally divided for therajieutic 
purpo&es or injured during operations on the neck, and may be com- 
pressed b}’ aneurysm of the aorta and by intruUioracic neoplasms 
and enlargement of tlie mediastinal glancU, It may undergo de- 
generation in pohmeuntU due to alcohol, diphthem, lea<l, or other 
toians 

THE NERVES OF THE UPPER EIMB 
The Bracuiai, Plea-L's 

The brachial plexus is formed from the anterior primarj' di'diions 
of the fifth, sixth, beventh, and eighth cervical and the first dorsal 
spinal nerves. It sometinies receives a contribution from the second 
dorsal ner^'c. Variations in the poaition of the brachial idexua are 
not uncommon. In the so-called 'prefixed’ type there is a contribu- 
tion from the foiirtli cervical nerve; the fifth cenucaJ branch is 
large and there may be no branch from the second dorul. In the 
‘poatfixed’ tj^pe there may bo no branch from the fourth cervical and 
that from the fifih is comparatively sDialt, a hcreas the second dorsal 
branch is quite distinct. Tbe spiiiAl segmental representation of 
muscles may bo slightly higher or shghtly lower than normal accord- 
ing to whether the plexus is prefixed ot pustfived. 

The contributions to the plexus from the anterior primary divisions 
soon dinde iato anterior and posterior trunks, ami from thene aro 
formed the three cords of the plexus. The outer cord is formed hy a 
union of the 4 nterior trunks of the fifth, sixth, and seventh nerves. 
From it arise the external nntcrior tliorncio and musculo-cutancous 
nen'es and the lateral head of the median nerve. The inner cord is 
formed by a combination of the anterior trunk of the eighth cervical 
w ith the contribution of the firet doR<al nerve to the plexus. It 
supplies tbe medial head of the median nen-e, the ulnar nerve, 
the internal cutaneous and les-ier internal cutaneous neires, and the 
internal anterior thonide nerve. The posterior coni is formed by tlie 
union of tbe posterior trunks from the fifth, sixth, seventh, aud 
eighth ccm'cal and sometimes the first doiivil nen’es. ft gives rise to 
the circumflex ami niusciilo-spiral neries, tlie two subsea pidar 
nerves, and the nerve to tJie teres major. 

CfTLain Tausek-s me intiervat^ by nerves whicb Icav e the brachial ' 
plexus proximal to the formation of the three cortls. Tlie most 
important of these arc: the jiosterior scapular nerve, from the fifth 
cervical, which supplies thclexator unguH scapulae and the rhomboid 
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muscles; tlio posterior or long thoracic nerve, from tlio fifth, sixth, 
and seventh t'crvical nerves, nkieh suppHcs the serratus inagnus; 
and the suprascapular nerve, from the fiftli and sixth cervical 
nerves, nliicli supplies the sujM-dspinatus and tJio i/)fras2>inatu9 

Lesions of the Brachial Plexus. 

The brachial plexus is liable to be damaged by stabs and gumshot 
wounds, by fracture of the clavicle, and by dislocation of the upper 
end of the liutncrus. Its component {Mils inaj* bo torn by forcible 
separation of tbo head and bliouldcr or by abduction of the anu. 
The inner coivl may bo cumpicsscd by a cervical ub. The plexus 
is occasionally involved in neoplastic dejwsits and may be the site 
of interstitial neuritis. The cliaractcr of tho motor and sensory 
disturbances resulting from lesions of the bnicbjal plexus deiwnds 
u{K)n tlic situation of tho lesion and the p.irt of the plexus mvolved 

Total Plexus Paralysis, 

This is a rare occurrence. When the lesion is close to the vertebral 
coluuin all the muscles supplied by the plexus vvi)] be paralysed and 
the cervical sjinpalbetic may alv) bo involved When tho plexus is 
invoh'cd at the icv'ci of tho cords the spinati, rhomboids, frcrratus 
magiiiis, {KCtoraU, and cervical s^iniMthctic may escai>o Apprccia* 
tion of light touch, pain, and temperature h lost over tho foioarm 
and hand and over the outer surface of tho arm in its lower tvvo.thirds 
Postural sensibility and appreciation of iwssive movement are lost 
m the fingers. All tlie tendon i-cflcxes in the upper limb arc lost. 

U pper Plexus Paralysis {Eib-DuchcMtie tyiie) 

This is due to a lesion of tho branch Iroiu tho fifth cervical nerve 
to tbo brachial plexus. Occasionally tho sixth cervical contribution 
may bo involved, but tins is exceptional Upper jilexus paralysis is 
usually the result of indirect violence, tho iierv’o being torn by undue 
se{>aration of the head ami shoulder. It is a coiiiiiion form of birth 
injury resulting from traction on tho head when there is difficulty in 
delivering one shoulder. It may occur in adults as a result of a fall 
on tho shoulder, foremg the head to one side, and occasionally follows 
an anaesthetic ui patients in whom during tho operation the arm 
has been held abducted and CAtemally rotated. The muscles para- 
lysed as a result of interruption of the fifth cervjcal branch are the 
biceps, deltoid, brachialis anticus, supinator longus, supraspmatus, 
infraspinatus, and the rhomboids. When the sixth cervical branch 
is involved hi addition, there may bo weakness, but not as a rule 
complete j^iaralysis, of the serratus magnus, latissimus dorsi, triceps, 
and pectoralis major. 
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The position of the brab resulting from upjier plexus paralysis is 
characteristic. It hangs at the side internally rotate<l at tlieshoiddcr, 
\rith the elbow e.xtendedan(llheforeannpronated. There is wasting 
of the paralysed muscles. Paralysis of the deltoid renders abduction 
at the shoulder impossible. The elbow cannot be flexed on account 
of paralysis of the flexors. External rotation at the shoulder is lost 
owing to paralysis of the spioati. ^lovcmcnts of the wrist and Augers 
are unaffected. The bicepsandsupinatorjerksare lost. Sensory loss 
may be absent, but there IssometimesasinaJl area of anaesthesia and 
analgesia overlying the deltoid. 

The results of operative treatment of upjier plexus {Mralysis are 
disappointing, and surgical intcrrcnlion is inadvisable, c.xccpt m 
those rare instances in which (he upper part of the plexus has been 
divided by a stab or gun-shot wound. The arm should be put up 
in a splint in a position of abduction at the shoulder with the elbow 
flexed to a right angle and thcfore.arm midway' between pronationand 
supination, and the usual after-treatment of iieripheral nerve lesions 
should be carried out. The pre^noMs is good, especially when the 
cause of the paraly sis U birth injury. Complete recovery occurs in at 
least 50 per cent, of c.ise3. In infants recovery' is often rapid and may* 
be complete in from three to six months. In adults it may take as 
long as two years. 

Lower Plexus Paralysis (i3</€rin<»fi/umpie typel- 

The contribution of the first dorsal nerve to the brachial plexus 
may be tom os a result of traction on tlieann when it is In an abducted 
]>o»ition. Lower plexus paralysis is sometimes encountered as a 
result of birth Injury, or may l>e produced by a fall during wliich the 
patient enJearours to aaic himself by clutching something wjUi the 
hand. The flrat dorsal ncr^’e is usually uiTcctcd alone, but the eighth 
cervical may' also be involved. The resulting [uindysis and wasting 
involves all the small muscles of the baud, a claw-hand resulting 
from the unopposed action of (he long flexors and extensors of the 
fingers. When the eighth cercical nerve U aUo involved there may 
be w asting and w cakness of the ulnar llexoni of the wrist aiul fingers. 
Cutaneous anaesthesia and analgesia aro present in a narrow zone 
along the ulnar border of the hand and fora variable distance up the 
forearm. There is frequently an assocuateii paralysis of the tervical 
syuijiathetic. 

Lesions of the Ckirds of the Pfevus. 

The effects of lesions of the eorils of tiie plexus can readily Ijo de- 
duced from a knowledge of their respective contributions to the 
nerves of the up()er limb which have already' been described. 
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The Outer Cord. Tho outer cord is occasionally injured in disloca- 
tions of tho humerus. Its interruption causes {wralysis of tho biceps, 
coraco-brachialis, and all the muscles supplied by the median nerve, 
except tho intrinsic muscles of the band. Sensation is affected to a 
variable extent on tho radial aspect of the forearm. 

The Posterior Cord. Thisisrarelydainagcd. A lesion of the posterior 
cord causes paralysis of the muscles suppluKl by tlio circuuiflex and 
musculo-spiral nerves, and loss of sensibility over the areas of their 
cutaneous supply. 

Middle plexus paralysis is also rare and is equivalent to interrup- 
tion of tho posterior cord uith the addition of paralysis of tho latissi- 
mus dorsi as a result of involvement of the long subscapular nerve 
The Inner Cord. Injury to the inner cord of tho plexus is most 
commonly produced by subcoracoid diUocation of tho humerus It 
causes paralysis of tho muscles supplied by the ulnar nerve, together 
with the iutrinsio muscles of the liand supplied by the median. 
Sensory loss occurs along tho ulnar border of tho Imnd and forearm 
Treatment is that of the individual nerves involved 


Aetiology. 


CCRV1C,4L RiO 


In certain circumstances tho contribution from tho first dorsal 


ilcrvo to tho brachial plexus may be compressed by a cervical nb 
or e\en by a normal first rib. A prefixeil plexus is not infrequently 
associated nith tho presence of a mdimentary nb derived from the 
seventh cervical vertebra In such cases tho contribution to tho 


plexus from the first dorsal nerve may be compressed as it passes 
over tho rudimentary rib, or, in tho absence of such a rib, over an 
enlarged seventh cervical transverso process or over a fibrous band 
uniting either n cervical rib or the transverse process to the first nb. 
When the plexus is postfixed tJio contribution from tho first and 
second dorsal nerves is relatively large, and forms a cord wliich may 
be compressed by tho normal first rib. It must be remembered, 
however, that cervical ribs are frequently present without causing 
symptoms. In fact it has been estimated that symptoms occur m 
only 5 to 10 per ccut of cases. Moreover, cervical ribs are usually 
bilateral, but symptoms are usually produced on opo side only, mostly 
tlio right, and not infreguentlyr tho patient comjilains of symptoms 
on the side upon w hich, according to radiograms, the Binallcr nb is 
found. Althougli cervical nbs are congenita!, symptoms usually do 
not appear until adult life. It is probable, therefore, that tho mere 
presence of the rib is as a rule insufficient to pioduce symptoms. 
Dropping of the shoulder girdle, associated with loss of muscic-tone, 
tends to increase tho pressure of the nerve on tho nb and tho effect 
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of prolonged pressure is cumulativo, causing a pressure neuritis. 
AVomen suffer more frequently than men. 

Symptoms. 

The onset is usualjy gradual and the Bjiniitoms of which, the 
patient complains may be mainly Bensory, motor, or vascular, or 
a combination of theie may be present. The commonest sensory 
symptom Ls pam, which ia referrol to the ulnar border of the hand 
and distal half of the forearm and may be associated with numbness, 
tinglmg, or other paraesthesiae. Typically the pain is relieved by 
raising the hand above the head, which diminishes the pressure of 
the nerve upon the nb. Careful sensorj' investigation frequently 
reveals either hyperalgesia or relative analgesia in a narrow zone 
corresponding to the cutaneous distrihution of the first dorsal seg- 
ment along the ulnar border of the hand and of the distal part of the 
forearm. Exceptionally, pain in the neck at the site of the rib may 
be the only symptom of which complaint is made. Motor symptoms 
consist of weakness and wasting, the distribution of which depends 
in part upon the position of the plexus. It is usually confined to the 
small muscles of the hand, and may begin cjiherin tboso supplied by 
the median or in those supplied by the ulnar nerve. Less frequently 
the muscles of the ulnar side of the foreanu are affected, and this is 
most likely to occur w hen the plexus Upostfixed. Vascular s^'inplums 
are probably chiefly due to compression of the subclavian artery by 
the nb, though {usaibly compression of synipathet ic fibres in the first 
dorsal nerve may play a part. Attacks of blanching or cyanosis of the 
fingers sometimes occur and even gangreue has b^n described. The 
radial pulses arc frequently unequal, that ui>on tbe affected bide 
possessing a smaller volume than lU fellow, but they may become 
equal when the bands arc held above liie head. The course of tbe 
subclavian arteries is frequently abnormal when rervicai nbs ore 
preiicnt, and tbe artery can be felt pasyiig obb'qiiely acrot>3 the 
posterior triangle of the neck from a point i to 1 inchabove the loner 
border of the stcmomastoid to a point behind the middle of the 
chi vide. Very rarely f lirombobis of (he subclavian artery has occurred 
as a result of the pressure of the rib, and Symonds Las rc^wrted a case 
m which the thrombus e.vten(lt:<I from the subclavian artery on tiio 
right side into the right coiiimon carotid, and a portion, becoming 
detached, was carried as an embolus into the right internal carotid. 
The cervical rib may be visible or palpable as a bony swelling in the 
neck, pressure over which may cau<e pain or tingling referred to 
the ulnar border of the band and forconn, or obliteration of theradial 
pulse The presence of cerv ical nl» can be demonstrated radiographi- 
cally. but it must be reJiiembcrad that tlie tympfoms may l/o duo to 
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a fibrous band, which will not be seen in radiograms, or to a normal 
first rib. 

Diagnosis. 

A cervical nb is distinguished from progressive muscular atrophy 
by the presence of pain and analgesia, and by the absence of muscular 
fibrillation. In syringomyelia wasting of the small muscles of the 
liands IS associated with analgesia and thernio-anaestliesia, but tiie 
sensory loss is U8U.illy much more extensive than that associated w itb 
a cervical rib, and signs of pjTamidal degeneration are likely to be 
present. Cervical rib is a congenital abnormality which is not un- 
commonly present in cases of syringomyelia The radiographic 
demonstration of the presence of a nb must not, therefore, be taken 
as proof that the rib is the cause of the patient’s symiptoms. Lesions 
of the median and ulnar nerves, especially when they arise from 
occupational pressure m the jtalin, may be confused with cervical nb, 
but the diagnosis is established by (he characteristic distribution of 
the motor and sensory symptoms of lesions of these nerves For other 
causes of wasting in the hands see p. 753. 

Treatment. 

Only surgical treatment afTords permanent relief from the symp- 
toms of a cervical rib, and to obtaui the best results it should be 
undertaken early. The precise operation required depends upon the 
nature of the abnormality present. It may be necessary to remove a 
cervical rib or a largo seventh cervical transverse process, or a portion 
of the first rib, if that i» the offender. Usually it is sulficlent to 
divide the scalenus anticus muscle, thus allowing the first nb to drop. 
Following operation there is rapid relief of the sensory symptoms 
and considerable improvement hi muscular power may be anticipated 
If there is severe muscular atrophy' before operation, it is unlikely' 
that full recovery will occur. Hence the importance of operating 
early. The usual treatment of peripheral nerve lesions must bo 
carried out. 

Tub Posterior Thoracic ^Jerve 

Tile posterior thoracic nervo is derived by three roots from the 
fifth, sixth, and seventh cervical nerves. The upper two roots pass 
through the scalenus medius muscle. The nerve, which supplies the 
serratus maguus, is injured alono most .frequently as a result of 
pressure upon the shoulder, either from a sudden blow or from the 
prolonged pressure of carrying weights on tlie shoulder. Occasion- 
ally it is a site of neuritis, and it may be involved in inflammation 
secondarily to apical pleurisy. Wlien the lesion is a neuritis there 
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may be considerable p.iin in the neck at tiic onset, and it is possible 
that the neuntis is secondary to a iibrostlts of tlio scalenus mcilitis. 
Isolated lesions of this nerve ore comparativ ely rare. 

The serratus inagnua tisea the scapula to the chest wall «hen for- 
ward pressure is e.xerted with the upper hmb. It brings the scapula 
font anl w hen the up[x;r limb is thrust fbtat ard, as in a fencing lunge, 
and it assists in elevating the hmb above the Iiead by rotating the 
scapula. Paralysis of the serratus uiagnua causes no deformity of the 
scapula when the hmb is at rest. If, hou-cver, the patient is asked to 
push the limb [orxrani against resistance, the inner border of the 
scapula becomes winged, especially in its lower two>thmls (Fig. 71). 
He is unable to raise the limb above the head in front of him. The 
Usual treatment of the paralysed muscle is curricHl out, but recovery 
docs not always occur. In such cases Sherren recommends trans- 
planting the bteniocostal portion of the pcctoralis major from the 
am to the inferior angle of (he scapula. 

Tub CmcuiitXEX Nkrye 

The circumflex uerv e arises from the posterior cord of the brachial 
plexus. It innervates the teres minor and deltoid muscles and supplies 
cutaneous seruibiJity to an oval area, tho long tiijs of wliich e.Ttends 
from the acromion process to half-way down tho outer aspect of tho 
ana (Figs. 4 and o). Injury to tho circumlJex nerve, therefore, causes 
wasting and poralpis of tho deltoid muscle, with ])Aralysis of 
abduction of tho arm and anaesthesia and analgesia corrcspouiling 
to its cutaneous supply. Tho circumflex nerve may bo injuretl as a 
result of surgical lesions in tho region of tho neck of (ho humerus 
and is sometimes the scat of interstitial nenrilh. The arm should bo 
splinted in a position of abduction at the shouhler, uud tho usual 
treatment for peripheral nerve lesions apphed. 

The ilusciiLo-spiRAL Xervk 

Tlio mtisculo-spiral nerve constitutes the termination of the pos- 
terior cord of tho brachial pfexin. and is deriv ed from tho fifth, sixth, 
seventJj, and eighth cervical spinal nerves. It innervates limfoliow- 
ing muscles in the order given: triceps, anconeus, supinator longus, 
cxtciibor carpi radialis longior, and, through tlio posterior inter- 
osseous nerve, extensor carpi radialis brevior, supinator brevis, ex- 
tensor communis digitorum, extensor minimi digiti, extensor larpi 
iilnaris, the thrt« extensors of the Lliiiiub, and extensor indicts. 
It supplies sensibdity to the louer half of the nnlial of tho 

ami and the iiiiddio of the posterior aspect of tho foreunn. Ry tho 
radial nerve it supplies sensation to a variable urea on tlio dorsum 
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of the hand extending from the Mtist distally as far as the inter- 
phalangeal joint of tho thumb and the luctacarpo-x^halangcal joints 
of tho index and iniddjo fingeis, and bounded laterally by the radial 



Fio. 71 Winging of tbe Mapula due to paraljhia of the left 
ecirfttus magnua. 


border of the thumb, and medially by the axis of the middle meta- 
carpal (Figs. 4 and 5). 

Complete mterniption of tho musculo-spiral nerve in or above tho 
axilla causes paralysisand wasting of all the muscles it supplies. Para- 
lysis of the triceps leads to inability to extend the elbow. Paralysis of 
tlio supinator longvis is detected through failure of this muscle to 
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fonlr*cl wl.cn tfiO juticnt flexes Uie tJiiou' uxh tJii* /ofrann niwluay 
UtHCTti jirututiun an>) kU{<in4tk>ii. th«* ^u]liluto^ atlin;; a;* a 

tieinroftLccIlx^a aixl not asa»u{unAtor. F&taIv'u of thfsupuulor 
bn-tu I(-a<lA to loiv« of t>upaMtion. Faraljsui of tiic (;xt(xx.'4>r» of Ihc 

wnst uhI im^n^ra mux’s vn>t* aod tiDgir*(Ir(>iu Xot uiity is tlio 

|xtirnt uiutlv to citctui th«* wri*t as a pnris.iry but 

jaT^i:fXten.Moti of the vin»l faiUtooofurmaRXKUliouMjthllesiim 
of the tlngrrs, with a ri-sultm}: im|umnent of tbo^wwrr oftliW mo\c- 
Rieiit In in\<.'»tigAtinK mtcn^kin of the thumb (■{'•‘cbl atU-ntiuu 
must t>e p.ti<l to catciL'ion at the mr}ir>-iuctAmr)Ml an*I incbicariio* 
pbaUngral joints, xtu'e rxlctL’>ion at the tenuituii joint may Ut 
rarraii out by xsne of the uitmi'ic luuxlm of the bami. Tlic hm^ 
extensors of the fingers {inxluiei extension only at the int-Uk>U{«>> 
|>luUn.'cal joints, extciwnn at the other johils ixiiig brought about 
by tbc nitenis.x'i aiwl lumbrimla. In a r.ix< of iiiux.nlu->]Hr4l 
wben tho futunt atteu>|jits to extuxJ the lingrn, (he Lot* 
naiuetl muscles tontraet Miitrgieally anil pnxiuco llexiun at the 
metAmr|st-]<haLingr.vl aiul extension ut the uiteqihaUngral joiutt. 
KoUoaiiig a lolon of tliemuxiilospini! nenesciisory Lus {< tariable 
an<i may Lc abx-nt. 

\Micii the lu'rt c i* injured, os iiuxt fmiueii t ly Iu|>;s.’tu. in the luu rr 
thinl itf (he arm, the trK\|« iisiullycx'aja-s ixualy'u, sni! the branch 
ti) the KU|itnatiir luiigus.and lev* fn'r|urntly that tu the rsleiixir mrpi 
nJulu longior, may dl«> ex-Jiie, itie ihstnlution of the {Mrui^vnis 
cbuuiiltng uitli th.it foltoKUij a lesion of the jsiKterior Intcrosscvus 
nene Tlie uiusculo-^liiral nerve » fniiuently injim'il when? it 
wubU njinid the hum* m« &• a n.'^ult of fnictiires of that Isotie. It 
u alw) iuble to iompR-M-u>n in (heaxiilv lliitniiih the Uwufa (ruicli, 
ami when the arm of an aiurvthrlued {vitKiil L» allowed to hong 
over the eilge of tho ojimliiig lable. niul diiruig Kltep, e»|iceitlly 
when the {ulunl i* intoiuatisl. In su<b coMti pn-Murc may U* liu^ 
to the aim lunguig otcr the luck of a iluir. Kiwi I have known 
museulo-spiral ]>al<} cxcurmainati who went to sleep on ilamiotiai] 
Hmdi on a Bank Hulxlay with a girl hingon hi* arui. 'Hie nene <« 
ixeasioiully the Mie of interstitial ueiiriti*, whkb may be uiiifiiinl 
to the {sMtciiur intcroMTOus nerve. 

^p!llltuu; u of gnat uu{)»ttaiuo ui the treatment of muxulo' 
spital {uralysu. inu«t br uxd to mamtain evtriioon of the 

wrut, but allbou^h extetsaioii at the nH-tarur^Ksphalangral juInU 
must be cn.»urr«I, tbew' juinla inu>t ie»t lx' n^wlly lixul. •ysteni 
of ebuiic cxt«njic»n should. thrnti»fr. be uxsl fur the lln^’crs. 
thumb oral lingrr.t<]uarr ruviml viitb the ii.t.c.crs of » Iratb< r glove, 
lo whnb lU'tie taja-a ate attachrcL 'I'liv'x* arc lorrwsl Ixrk orrr 
the donum of the bonil tu beaUaitwd tu a bather biatrlrt, whtili 
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is fixed to the splint beneath the wrist. The paralysed muscles are 
treated in the usual way by means of massage and electricity. 

Tile prognosis of lesions of themusculo-spiral nerve is good. Even 
after suture, signs of returning muscular function are usually evident 
in from four to eiglit months, acebrding to the level of the lesion. 

The MosctiM-cuTANEOus Nerve 

The musculo-cutaneous nerve is a branch of the outer cord of 
the brachial plexus, its fibres being derived from the fifth and sixth 
cerviail spinal nerves. It supplies the biceps and braciiialis anticus, 
the principal flexors of the elbow, and its sensory distribution is 
to the radial border of the forearm as low as the carpo-metacarpal 
joint of the thumb (Figs 4 and 5). 

Division of the musculo-cutaneous nerve, therefore, causes iveak- 
ness of flexion of the elhou-jofnt, though some power of flexion 
can still be carried out by the supinator longus and the part of the 
brachialis anticus uhich is innervated by the niusculo-spiral nerve. 
Sensation is impaired over the cutaneous distribution of the nerve 
The musculo-cutaneous nerve is rarely injured alone, but may be 
damaged by dislocation of the head of (he humerus or by penetrating 
ivouuds 

The forearm should bo supported in a sling and the paralysed 
muscles treated with massage and elcctncity. 

TiiE ilemAM Nerve 

The fibres of the median nerve are derived from the sixth, seventh, 
and eighth cervical and first dorsal spinal segments. It is formed by 
the union of two heads from the inner and outer cords of the brachial 
plexus. It supplies the following muscles, to which branches are 
given ill the order named pronator radii teres, flexor carpi radialis, 
palmaris longus, flexor sublimis digitorum, flexor longus pollicis, 
flexor profundus digitorum, pronator quadratus, the two radial 
lumbricals, opponens pollicis, abductor brevis pollicis, and the outer 
bead of the flexor brevis pollicis. Soiuctimcs it supplies the first 
dorsal interosseous. 

After a complete lesion of the median nerve above its highest 
muscular branch there is, therefore, paralysis of pronation of tbefoie- 
arm. The radial flexor of the wrist is paralysed, so that when the 
wrist is flexed against resistance tiio hand deviates to the ulnar side. 
There is inability to flex the terminal phalanx of the thumb and the 
phalanges of the index finger. There is weakness of flexion of the 
phalanges of the remaining fingers, especially the middle finger, but 
not complete paraljsis, since the ulnar half of the flexor profundus 
digitorum is supplied by the ulnar nerve. Flexion at the nietacarpo- 
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phalangeal jotnta ia carried out by tha intero»&ci and Icimhricaia, of 
nhicb only tbo two outer luinbiicaU uro iimcrratcd by tbo median 
nen,e. Paraljsis of tbo muscles of tlio tbeuar eminence supplied by 
the median nerve leads to loss of po»cr to abduct tbo thumb, a 
moNcment which must bo tested in a plans at right angles (o tho 
palm, and opposition of the thumb is lost. Wasting is jirvscnt in 
the paralysed muscles and is especially conspicuous in tho thenar 
eminence, where wasting of tbc abductor |)ollicis renders Uic first 
metacarpal unduly prominent. A lesion of the median ncn'c in tbo 
middle of tbc forearm may paralyse the superficial flesor of tho index 
finger, while allowing those of tho other three fingers, the branches to 
which lea\e the nerve at a higher level, to caca£)c. When the nerve 
is injured at the wrist paralysis is confinwi to tho hand. WTien 
ini cstigatmg muscular poncraftcr a median nerve lesion U must bo 
remembered that the extensor crisis nictacarpi polUcis may be u»c<l 
m a trick movement as a radial flexor of the wrist and that op^iosition 
of the thumb may bo simulated by tho com bini'd action of thoudduc* 
tors and tbc extensor os»is metacarpi polOcis. 

Sen.«ory lo'cs following a ]e>ion of the median nerve is somewhat 
vanable, c8]icclilly' in regard to tho appreciation of pin>priek (I'iga. 
4 and 5). Loss of this form of sensibility’ may bo confined to the 
terminal phalanges of the index androiddlo fingm, the affected arc.i 
being somewhat more e.Tten.<iireon their palmar than on their dorsal 
as])cct. Appreciation of pimprick may’, howcicr, be lost over a 
somewhat larger area, tneluding tho palniur aspect of tho Icnuiual 
phalanx of the thumb. Loss of appreciation of light touch is more 
constant in its outline, ufaich runs along tho radial border of the 
thumb to tho base of tlic thenar eminence, tlienco across tho palm to' 
the cleft betw een tho niiddlo and ring fiiigcra, and includes appro.ti> 
mately half of the palmar a)>pcct of the ring finger on tho radial sitle. 
On thedoreum It includes the radial aspect of tho tcnitinnl two- thinl.s 
of the ring finger and the dorsal ui>|)ect of tho middle and index fingers 
ns far proximally as tho niiddlo of the pro.vimni phalanges. From the 
radud side of tho index finger tho bonier pisses along tho fold of tho 
first interosseous s£>ace and tip the inner border of tho thumb ns far 
as tho ulnar edge of tho nail. Deep sensibibty is usually lost in tho 
terminal phalanges of the index and middle fingers. Tlie mcdlin 
nerve is the commonest site of causalgia, which ouly occurs, lioW' 
ever, when tho lesion is incomplete. 

Tlie median nerv o may bo injuml at any point of its course by stab 
or gun-shot wounds. It is occasionally damaged in dislocation of the 
shoulder. Tlio commonest lesion in civil life is a cut at tho wrist, 
usually (ho result of tho hand having been put thmugh .i window. 
In such (Osca the ulnar nerve may* bIm) be iUmagc<l. Tlio median is 
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rarely the site of interstitial neuritis. When this occurs it is usually 
secondary to arthritis of the nrist. Tlie nervo may also he damaged 
at the M rist by prolonged occupational pressure. This form of median 
palsy is sometiines seen in gardeners, from pressure of the handle of 
a trowel; in scrubbers, from tlieprcbsure of a scrubbmg-brusli; and 
in tailors, from the use of heavy sltears. 

No splint is required. The usual treatment for the paralysed 
muscles is carried out. Causalgia requires special treatment, see 
p. 738. Signs of returning sensibility usually precede motor recovery. 
After suture of the nerve the latter occurs in from three months to 
a year, depending upon the situation of tho lesion and the distance of 
individual muscles below it. Voluntary power usually reajipcaia 
first in pronator ladii teres and m flexor carpi radialis. Sensory 
recovery is frequently incomplete, espcciall}' in respect of apprecia- 
tion of light touch upon the index finger. 

Tub Ulnak Nerve 

The ulnar nervo is derived from tho eighth cervical and first dorsal 
spmal nerves. It gives off no branches abov o tho elbow, w licro it lies 
behind the internal condyle of tho humerus It supplies brandies 
to the following muscles in the forearm in the order stated, flexor 
carpi ulnaris and the inner half of flexor profundus digitonim In the 
hand it supphes tho palmaris bicvis, tbo muscles of the hypothenar 
eminence, tho two inner tumbricals, tb«p.Umar and dorsal mtciossci, 
the adductors transversus and obhquiis polheis, and tlio inner head 
of the flexor brevis pollicis. The flrst dor-sal interosseous muscle is 
sometimes supplied by tho median. 

Interruption of tlio ulnar nerve at or above the level of tho elboiv 
causes paralysis of theso muscles. As a result of jiaral^sis of the 
flexor carpi ulnaiis the hand deviates to tlio radial side on flexion 
of the wrist against resistance Another metliod of demonstrating 
weakness of this muscle is as follows- the patient cloaes his hand and 
the examiner adducts it, placing his Anger on the tendon of the flexor 
carpi ulnans. When the patient extends his Angers this tendon can 
normally be felt to tighten. Paralysis of the ulnar half of the flexor 
profundus digitorum abolishes flexion of the little finger at tlio 
iuterpbalaugeal joints, and weakens flexion of the ring finger at tliese 
joints. Paraiy sis of the muscles of the hypothenar eminence abolishes 
abduction of the little Auger and impairs flexion of tliis finger at 
the luelacarpo-phalangeal jouit. Paralj-sis of the interossei abolishes 
abduction and adduction of the fingers. In examining this movement 
It is important that the hand should be kept with the palm pressed 
against a flat surface, as the long extensors and flexors of the fingers 
act to some extent as abductors and adductors. Paralysis of the 
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adductors ^ansrersus and obliquus polUcis ^tcakens adducUoQ of the 
thumb, and tins is most evident when the patient attempts to press 
the thumb firmly against the index finger. 

Wasting of the paralysed muscles is ei'idcnt on tlio ulnar side of 
the flexor aspect of the forearm, the bypothenar eminence, the inter- 
osseous spaces, and the ulnar half of the thenar eminence, Paruly&is 
of the small muscles of the hand causes ‘claw-hand’, this posture 
being produced by the unopposed action of their antagonists. Since 
the interos^ei cause flexion of the fingers at the metacarpo-phalangeal 
joints and extension at the interphalangcal Joints, u hen these muscles 
are paralysed the opposite postuic is maintained by the long flexors 
and extens>or 8 , namely, liyperexteosion at tlie metacarpo-phalangeal 
joints and flexion at the interphalangcal joiufs. This is usually' most 
marked in the ring and little fingers, since the o radial lumbricals 
which are supplied by the median nen e to some extent compensate 
for loss of action of the intero^l on the index and imddle fingers. 

After a lesion of the ulnar nerve at or above the elbow , loss of deep 
sensibility is usually limited to the little finger. The urea of analgesia 
to pin-prick is variable, but usually covers t)io little finger nod the 
ulnar border of the palm. The area of anaesthesia to light touch 
includes the little finger and the ulnar half of tho ring finger, together 
vnth the ulnar border of the band, both on the dorbUD) and the palmar 
aspects as far as the wrist, the area being hounded on the radial side 
by a line continuous with the axis of the ring finger (Figs. 4 and fi). 

^Vhen the ulnar nerve is divided at tbe wrist the flexor carpi 
ulnatis and the ulnar half of the flexor profmidus digitorum escape 
paralj'sis, which is confined to tbe small muscles of the band supplied 
by the nerve, \Vhen tbe le&ion is below tho point at which the 
dorsal branch is given off, tbe area of sciiwry loss is less than that 
desenbed abov e. On the iialmar aspect of the hand the area over 
which sensibihty is lost is Uie same as when tiio nerve is div ided abov o 
tbe wnst, hut on the dorsal aspect appreciation of light touch is lost 
over the terminal twophalangcsof the bt tie finger and the ulnar half 
of these phalanges of the ring finger, and loss of axiprcciation of pin- 
prick is usually confined to tbe (crrainal jilialanx of (he little finger. 

Lesions of the ulnar nerve above tbe elbow are rare, but it may ho 
involved in a penetrating wound. At the elbow it may aiifier as a 
result of fractures and dislocations involving the lower cud of the 
humerus and the clbow'-joiot. In auch cases tho injurj" to tho nerve 
may he unmediate. Oecasibnalfy, however, it is inv oJvcd 3 ears after 
an injury which has led to cubitus valgus. Similarly the nerve may 
be damaged b 3 * osteophytio outgrowths following arthritis of tlie 
elbow-joint, and such a lesion may bo bilateral. I have known it 
compressed by a Charcot elbow. 
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In individuals possessing a shallow groove for the nerve behind tlie 
internal condyle of the humerus or an unusual degree of physiological 
cubitus valgus, the nerve may suffer from undue mobility, tending 
to slip forwards over the internal condyle when the elbow is flexed. 
Occupations involving repeated flexion of the elbow occasionally 
cause symptoms through the long-eontinucd minor trauma in- 
volved. In all these cases of chronic injury of the nerve at the elbow- 
joint the lesion is a localized pressure neuritis associated with flbrous 
thickening of the nerve at t)io site of trauma, where a spindle-shaped 
sw elling can often be felt. The earliest symptoms aro pain and paraes- 
thesiae referred to the cutaneous distribution of the nerve, and as 
the full, and not the exclusive, supply of the nerve is involved, the 
area to whicli the symptoms are referred extends farther, especially 
on the radial side of the palm, than the area over which cutaneous 
sensibility is impaired after the nerve is divided. This sjTUptom may 
at first be apparent only when the patient awakens in the mornmg 
after sleeping with the elbow flexed. In long-standing cases tliere 
are usually weakness and wasting of the muscles Innervated by the 
nerve. Ulnar paralysis Li occasionally met with as a result of pressure 
on the nerve at the clbow' during sleep. At the wrist the ulnar nerve 
may bo injured by cuts and the median nerve may bo sunultaneously 
involved. A pressure neuritis of the deep palmar branch of the ulnar 
nerve sometimes occurs in individuals whose occupation involves 
prolonged pressure upon the outer part of the palm. In such cases 
the muscles of the hypotlienar eminence usually escape damage and 
there is no sensory loss. Apart from traumatic lesions the ulnar 
nerve is rarely tiie site of interstitial neuritis. 

The treatment of lesions of the ulnar nerve is conducted on the 
same general lines as for other peripheral nerve lesions. No splint is 
required. When the nerve is the site of pressure neuritis as a result 
of abnonnalities of tho elbow-joint, an appropriate operation will 
be required to fiee the nerve from pressure. When the nerve suffers 
from repeated dislocation it must be brought in front of the internal 
condyle of the humerus In such cases operation rapidly relieves 
sensory symptoms, but recovery of voluntary power is necessarily 
slow er. After suture of the nerve sensibility usually begins to recover 
before voluntary power. Motor recovery usually hegma in the flexor 
carpi ulnaris and flexor profundus digitorum, and is most complete 
in these muscles and in the abductor minimi digiti. It may take 
2 years after primary suture at the elbow. 

Diagnosis of Wasting of the Muscles of the Hand. 

Lesions of the median and ulnar nerves require to be diagnosed 
from other causes of wasting of muscles of the hand. These muscles 

3o 
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arc innervated by the anterior bom celU of the first dorsil scgniont of 
the spinal cord. The causi-a of their wasting, therefore, include lesions 
of their lower motor neurones at any point between this spinal seg- 
ment and the muselcs, together with certain other conditions in which 
primary muscular degeneration or refios muscular wasting occur. 
Lenons of acute onsil tniolving the Anterior //oms. 

The commonest of such acute lesions is acu/e (interior poliomyditis. 
This is usually easily distiuguished by the neuic onset, eoninionly in 
childhood, the uon-progressivo character of the wasting, the presence 
of muscular wasting with a patchy and asyminetrical distribution 
elsewhere in the body, the cyanosb of tbo aifectal cxlrendty, and 
the absence of sensory loss, rasetihir lestoiu of the «jihinl coni are 
rare. Syphilitic thrombosis of a branch of the anterior spinal artery 
may eauso destruction of the anterior honi cells. In such coses the 
spino-thalainic tract is usually simultaneously damaged. Serological 
tests establld) the cause of the lesion. HaematoMi/tlia may destroy 
the anterior horn ccUsof the ceiwicaleiUargcmont. There U sometimes 
a history of traumatic extension of the cvrvieaj s]>ino. Wiu-ting is not 
confined to muscles inncrx'atcd by the first dorsal segment and is 
usually associated u itli extensive Keinory loss oi cr (he upjier htnhd 
and often with involvement of the long nst-cnduig and descending 
tracts of the cord. 

XesioTM of alow omU, ing the Anterior Jlona. 

Tlie commonest chronic lesion is progrtasiie niuscHier alrojthy, 
which fre<]ucntly begins with vrnsting of the small miuclos of ono or 
both hands. This condition is distinguished by its progrciteivo course, 
the presence of muscular fibrillation and, sooner or l-iter, wasting of 
other musdo groups, the frequent ctM'xisteiico of p>7iimidal degenera- 
tion, and the absence of H-ni>ory loss. Jn syringomytlia wAsting of 
the luind muscles is often an rariy sj'mptom. Fibrillation is usually 
absent. The diagnoais deiicnds upon ilie eharaotcristio ikssociated 
analgesia and theniio-anacstlicsia, trophic lesions, and the frequent 
uitolrcmmt of tlie pimniidal tnntir. in tumour of the epiual tori 
the signs of a prugre-ssivo focal Iction at the cervical enlargement 
are sooner or la ter a.ssocia tod with those ofspiriAisubanichnoid block. 

heaxona of the Anterior JlooU. 

The anterior roots are orcasionally invoh ud in the locidized Upto^ 
nieninyiris of gpphililic origin, m which the substance of the cord 
usually aUo auffers. Tlie anterior root lesion tan bo dislingui-slicd 
from a lesion of the anterior born cells only when tbo jwstenor roots 
arc also invoh cd, leading to root jiains, often with sonic uiiik.aimient 
of senaibiiity over tlie M-ginenfal cutaneous areas. 



TllEATMENT OF INDIVIDUAL NERVE LESIONS 755 

Le^iotis of the Sphial Nene. 

The spinal nerve consists of a fusion of both the anterior and the 
posterior root, and a lesion of the first dorsal nerve, therefore, causes 
root pain and frequently some sensory loss along the ulnar border of 
the hand and forearm in addition to muscular wasting of the small 
muscles of the hand. Tho sjiinalnervo may be the site of neuritis, 
though this is rare in tho case of the first dorsal nerve. It may be 
comjiresscd as a result of collapse or mflammatory hyperostosis of 
tho vertebral column. A traumatic lesion of tiio first dorsal spinal 
nerve is res^tonsible for tho Klumpke type of itrlh palsy. Lesions 
involving the first ilorsal segment of tho spinal cord, its anterior 
roots and spinal nerves, usually cause paralysis of the cervical 
sympathetic, tho preganghonic fibres of which leave tho cord at this 
level. 

Lesions of the Inner Cord of the lirachial Plexus. 

Liesions of the inner cord of tho plc-Mis, for example, tho pressure 
of a cervical rih, cause wasting of all the muscles supplied by the 
ulnar nerve, including those in the forearm together with tho small 
muscles of tho hand supjilied by tho niedian Tho distribution of 
pain and sensory loss involves tho eighth cervical and first dorsal 
segmental areas, that is, roughly, the supply of the ulnar nerve, 
together with the distal half or two-thirds of the ulnar border of tho 
foreann. 

Lesions of the Jledian and Ulnar Xenes 

All lesions situated between tho anterior horn cells of tho first 
dorsal segment and the inner cord of tlie brachial plexus, inclusiv'e, 
cause wasting of all the small muscles of tho Land. Distally to the 
inner cord of the plexus the innervation of these muscles is divided 
between tho ulnar and median nerves Ixisions of these nerves, as 
has already been described, are distiiiguisbed by the cliaracteristic 
distribution of the muscular wasting and sensory loss. Apart from 
localized lesions of these nerves, wasting of the small muscles of the 
hoiuluiay occur vn. various forms of toxic poiyaevcrituaudprogressice 
hypertrophic jmhjneurUis, conditions in which sensory loss of peri- 
pheral distribution and tendemesssof tlio muscles are usually present, 
and tho same sjanptoms frequently occur in the lower limbs. In 
peroneal muscular atrophy wasting of tho hands usually follows that 
of the feet. Tho onset of the wasting in early life, its gradual ascent 
of the limbs, and tho associated peripheral sensory loss are distin- 
guishing features. 
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Jluscular D^ilrophy, 

Waiting of the »jnall tnu>-clcs of tho haud ia found in koiiio fonits of 
mujicular dystrophy, c.«pciiajly Uie so-caiJeU iljittal tyjwof jujojuthy 
ami in ni^o^onia alrojihica. The diagna-us dc{icnd:i upon tlio ugo 
of onset, tiio gynimctrical character, «Uatnbutiou. ami j)rogm*i\ o 
rourbo of the Hasting, tho aheence of muscular tiunllation, sensor^' 
loss and signs of invuh cmeot of the central nervous stem, and tho 
familial or hcrcxlitary nature of the disorder. 

rropSic Disorders. 

Uctle.x muscular Hosting secondary toarlhritu of the joints of tho 
hand must not bo overlooked. It is easily recognized on account of 
pain, suclling, and bony changes in the joints, ffchaemia due to 
artcrioscicrobis or thrumbo-angeitis is a rare cause of muscular 
Hasting, moru frequently seen in tho loner than ui tho upjwr limb. 
Idchiemtc f/tyasfiti (ischaemic oontractufo) cau«ci( by (ho pressure 
of n splint too tightly applied, to the forearm leads to paralysis, 
Hasting and coninteture of the musrlcs of the foroami and band, 
with or Hitbout nctisor)' loss duo to compression and degeneration of 
the ncn*es. 


Intersal Ccta.v eocs Xkhve 

The internal cutaneous nerve U a purely sensory nerve derived 
from the inner cord of tho braclual plexus and rcteiving fibrea from 
the iirst donul spinal nerve. U supplier eutaneoiis sensibdity to Uio 
ulnar border of the forcanu ami tliu proximal ]»irtof tho ulnar bonier 
of the hand (Figs. -4 and 5). It is rarely damaged ulono and most 
frequently fluffers from coinpression of the inner cord of the plexus 
by a cerricnl rib. 

Tot'RMQVET PxRAl-VSlS 

The application of a tourniquet (o thn upjicr limb is »r>metimes 
folloHfd by p.ind^T>is below llio site of coinprt».'ioa. Tho applica- 
tion of a tniinii(]ucl is u-ually for tho purpose of operations, for 
example, on the fingers. It is probable that in addition to ilio 
actual eomprc%-<iou of the nerves, deprivaliun of their bIoo>l*»<ipply 
u an ini{x>rtant factor m raiiving parulj,8is. l*aral,vsis attended by 
Hasting is confined to tho muscles bcioH' the situ of coDiprvssi'ou and 
IS Usually aMoeiated Hitli itn]Miinnent nf all forms of »ensibihty, 
cutaneous aruu'sthcsia and anahcesU being limit<sl abot o by a sloirp 
upper lionlcr com''i>on<ling to tlir site of cuiupressioii. The Usual 
IrcalmenL of a (lenphcntl nerve lesion must Iw cnrriisi out. lU-eovery 
M usually ullmiately coroplelo. ' 
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THE NERVES OF THE LOAYEB LIMB 
The Lumbo-sacral Plexus 

The lumbar plexus is formed by contributions from the twelfth 
dorsal and the first, second, third, and fourth lumbar spinal nerves ; 
the sacral plexus, from the fourth and fifth lumbar and the first, 
second, and third sacral nerves. The principal nerves derived from 
the lumbar plexus are the anterior crural and the obturator, and from 
the sacral plexus the sciatic and tlie superior and mfenor gluteal 
nerves. The lumbo-sacral plexus may be compressed by neoplastic 
metaatases or may be the site of interstitial neuritis. ThesjTuptoms 
of this are described in the sections ilcalmg with individual nerves. 
The plexus may be injured by the pressure of the foetal head during 
delivery; either the obturator or the aciatic nerves may be thus 
damaged on one or both sides. The lumbo-sacral cord is most 
frequently affected, leading to unilateral or bilateral paralysis of the 
anterior tibial and peroneal muscles. (See also luider Lesions of 
the Sciatic Nerve, pp. 759-02.) 

The External Cutaneous Nerve 

The external cutaneous nera'o is derived from the posterior i>arts 
of the second and thud lumbar nerves. Passing through the psoas 
major muscle it enters the thigh beneath tlio lateral end of Poupart’s 
ligament, and, piercing the fascia lata of the thigh about 4 inches 
distal to the anterior superior iliac spine, it divides into an anterior 
and a posterior branch u hlch supply sensibility to the lateral aspect 
of the thigh and the lateral pari of its anterior aspect from the 
buttock almost as low as the knee (Figs 4 and 5). As the nerve 
passes through the fascia lata it may become constricted by fibrous 
tissue with the production of pain, numbness, and paraesthesiae 
referred to the cutaneous distribution of the nerve, especially of its 
anterior branch. This condition, which is known as ‘meralgla 
paraesthetica’ usually afflicts middle-aged men. Tlio pam and 
numbness are brought on by walking, which may suggest arterial 
disease. The site of the pain, which is usually associated with 
relative analgesia of the skin of the outer aspect of tho thigh is 
distinctive. The disorder usually requires operation, tho channel hi the 
fascia lata being enlarged if necessary as high as Poupart’s ligament. 

The Obturatoq Nerve 

The obturator nerve is derived from the second, third, and fourth 
lumbar nerves by roots which are situated anteriorly to those of the 
anterior crural nerve. The union of these roots occurs in tho psoas 
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muscle and the nerve emeiges from the pelvis by the obturator 
foramen. It gives a branch to the iiip joint and supplies tbefoUotring 
muscles: adductor longus and graabs, adductor breNis usually, and 
sometimes pectineus, obturator extemus, and adductor magiius. 
Its cutaneous supply is vanable and is distributed to the skin of the 
distal two-thirds of the medial aspect of the thigh (Figs. 4 and 5). 
It aUo supplies a branch to the knee-joint. 

Injurj’ to the obturator nerve causes paralysis of the adductors of 
the thigh, except for the flexor fibres of theadductormaguus, which 
are innervated by the sciatic. Sensory loss is usually absent. The 
nerve is iuo»t frequently injured in the course of a difficult labour, 
occasionally as a result of dislocation of the hip or obturator hernia. 

No splint is required. The usual treatment of lower motor neurone 
paralysis is applied to the paralysed muoclcs. 

Tut Astebior Crcral Nrsvr 

The anterior crural nerve is derived from the lumbar plexus, arising 
from the posterior parts of (he second, third, and !ouHh lumbar 
nerves, posterior to the obturator nerve. The nerve is formed in the 
paoas major muscle, and after passing through the pelvis eotent tbo 
thigh beneath Poupart's ligament, lateral to the femoral sheath and 
femoral vessels. In the abdomen it sends a branch to the iliacua 
muscle and in the femoral triangle it breaks up into terminal brandies 
which supply the pectineus, sartorius, and quadricicps. It gives 
articular branches to the hip> and knee-joints. 1 ts nuddleond internal 
cutaneous branches supply the medial and internal aspects of 
the thigh in its lower two-thirds, and by tbe long sa^phenous nerve 
it supplies sensibility to the inner aspect of tbe leg and foot as far 
distally as mKiway bctneei) the internal maU&ilus and the base of 
the great toe (Figs. 4 and 5), 

After a lesion of the anterior crural nerve there may be slight 
weakness of flexion of the hip owing to paral^-sis of the iliacus, but 
the principal motor disturbance is weakness of extension of tbe knee 
owmg to paralysis of the quadriceps, which is wasted. As a result 
of this the leg gives way in walking and cannot be used to raise the 
body on stairs. The knee-jerb is lost, and scnsibibty is lost over the 
cutaneous area innervated by tbe nerve. Causolgia may occur in 
tbe distribution of the long saphenous branch after partial lesions 
of the nerve. 

The commonest lesion of tbe antciior crural nerve is inlerstitial 
neuritis It may be involved in {isoas abscei^s or in new growths 
inthm the pelvis, or injured as a result of fractures of the pelvis or 
of the femur, or by dislocation of the hip'. Lesions of the autcrior 
crural nerve are rarely seen aa a result of gun-shot wounds of the 
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thigh, as the proximity of the femoral artery renders the majority 
of sucli injuncs rapidly fatal. 

No splint is required in the treatment of lesions of the anterior 
crural nerve. Support to the leg may bo given by means of a strong 
elastic band running from a belt over tho front of the thigh to bo 
attached to a gaiter round tho calf. Tho usual treatment of Joucr 
motor neurone paralysis should be applied to tho quadriceps For 
tho diagnosis, symptoms, and treatment of anterior crural neuritis 
SCO p. 709. 

The Sciatic Nerve 

Tho sciatic nen-o is derived from llio sacral plexus, m Jiich is formed 
by a fusion of tho anterior primary divisions of the fourth and fifth 
lumbar and of tho first, second, and third sacral spinal nerves. The 
nerve is composed of two divisions uhich are destined to form tho 
internal and external popliteal nerves. These two divisions, though 
bound together by coiuicclivc tissue, are separable up to the sacral 
plexus from which they are separately derived, the internal popliteal 
coming from tho anterior trunks of (ho fourtli and fifth lumbar and 
first and second s.'icral nerves, while the external popliteal comes 
from the posterior trunks of the fourth and fifth lumbar and first, 
second, and third sacral ner\e3 The sciatic nerve, in addition to its 
two principal comi>oncnts, contains nerves to the hamstrings and a 
nerve to the short iicad of the biceps muscle It leaves the pelvis 
by passing through the great sciatic notch below tho piriformis 
muscle itilu tho buttock and then descends in tho back of the thigh, 
lyiug between the great trochanter of (he femur and tho tuberosity 
of tho ischium. It terminates at a variable point between the sciatic 
notch and tho proximal part of the poplite.il fossa by dividing into 
the external and internal popliteal nerves. 

In addition to supplying motor nerves to the seinitendinosus, semi- 
membranosus, tho long head of the biceps, tho short head of tho 
biceps, and adductor magnus, the sciatic is tho motor nerve to all 
the muscles below tlic knee. The muscuio-cutancous branch of the 
external jwpliteal nerve supplies tho peronei longus and brevis, tho 
anterior tibial branch supplies tho tibialis anticus, extensor longus 
digitorum, extensor longus liallucis, peroneus tertius, and extensor 
brevis digitorum. The internal popliteal nerve supplies muscular 
branches in tho following order: gastrocnemius, pophteus, plantaris, 
and soleus, and the post^or tibial nerve innervates the popliteus, 
the deep part of tho soleus, tibialis posticus, Ilexor longus digitorum, 
and flexor longus hallucis. The internal and external plantar nerves 
supply the small muscles of the feet. 

After complete interruption of tlie sciatic nerve there is 
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paralysis of flexion of the ki)ec, which is carrietl out l>y the hamstrings, 
and of all the muscles below the knee. Foot-drop occurs as a result 
of paralysis of the anterior tibial group of muscles and of the peronei. 
The patient is able to stand and to walk, but drags the toes of the 
affected foot and is unable to stand on hia toes on the jjaral^sed side. 

The sensory distribution of the sciatic nme lies entirely below the 
knee(Figs 4 and 5). Aftercompletediriaonofthenerveiighttouch 
IS the form of sensibility which is most extensircly lost. Anaesthesia 
to cotton-wool extends over the whole of the foot, with the exception 
of a zone about 1 1 inches wide along the inner aspect, extendingabout 
2 mches distal to the internal malleolus, this area being supplied 
by the long saphenous nerve. On the leg the area of anaesthesia to 
hght touch includes the outer aspect, roughly from the middle line 
in front to the middle line behind as far up as 2 inches below the 
upper end of the flbula. Analgesia to pin-prick is less extensive than 
anaesthesia to hght touch. Below, the two areas approximately 
coincide, but above, the area of analgesia Is less extensive than that 
of anaesthesia by 2 or 3 inches. Appreciation of pressure and of 
vibration is lost over the whole of the foot, with the exception of 
the proximal two-thirds of the inner aspect, and postural sensibility 
and appreciation of passive movement arc )o»t in the toes. 

The knee-jerk Is unaffected, but the ankle-jerk is lost and so also 
18 the plantar reflex. Vasomotor and trophic changes are usually 
conspicuous after complete division of the sciatic. The leg is con- 
gested and swollen, especially when it is allowed to hang down. 
The skm is dry, and sweating is lost over the foot, except along 
the inner border, where it is supplied by* the long saphenous nerve. 
Perforating ulcers may develop on the sole. 

The sciatic nerve may be damaged as a result of fractures of the 
pelvis and femur and gun-shot wounds of the buttock and thigh. 
It may be compressed within the pelm by neoplasms, or by tiie 
foetal head during delivery. The external popliteal division is much 
more susceptible to injury than the internal popliteal. Complete 
division of the whole nerve is rare. 

The differential diagnoais of lesions ofthe sciatic nerie is discussed 
in the section dealing with sciatic neuritis. -- 

The ExTERXAt PoruTKAi. Nerve 

.\fter division of the external popbtcal nerve there is paral^-sis 
with wasting of the peronei and of the anterior tibia! group of 
muscles. The pow er of donjflexion of the foot and toes and of ever- 
sion of the foot is lost, and foot-drop results. Inversion is last when 
the foot is dorsiflexed, but a weak movement of inversion is jxissible 
m association with plantar flexion. When the nen’o is divided abos e 
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tliepoint of origin of its lateral cutaneoua branch, sensationis impaired 
over the dorsum of the foot, including the first plialangea of the toes, 
and o\er the antero-extemnl aspect of the leg in its lower half or 
two-thirds, the area of anaesthesia to light touch being somewhat 
more extensive than the area of anaesthesia to pin-prick (Figs. ■! and 
5). IVhen the lesion is situated below the origin of the lateral 
cutaneous branch, sensation is imjiaired over the dorsum of the 
foot only, and the anaesthetic area u usually bounded by a line 
passing upwards from the space between the fourth and fifth toes 
parallel with the outer border of the foot. Deep sensibility is 
unimpaired. 

The external popliteal nerve may be injured as a result of pene- 
trating wounds in the neighbourhood of the knee-jomt and of 
fractures involving the upper end of the fibula. It is sometimes the 
site of interstitial neuritis and may suffer from compression by a tight 
bandage applied to the kneo or jiressure during sleep. In the case of 
neuritis and compression of the nerve the muscles which it inner- 
vates do not always suffer equally. The peronei are usually more 
gravely affected than the anterior tibia! group, and the area of 
sensory loss is often less than that found after complete division of 
the nerve. 

The Internal Popliteal Nerve 

After division of the internal popliteal nerve the calf muscles and 
the muscles of the sole are paral^-sed and wasted and the foot assumes 
the position of talipes calcaneo- valgus. The ankle-jerk is lost, and the 
plantar reflex may also be uneJicjtable. There is as a rule no Joss 
of deep sensibility. There is anaesthesia to light touch over the 
skin of the sole, including the plantar aspect of the toes and the 
dorsal aspect of their terminal phalanges. The area of analgesia to 
prick is Jess extensive and does not indude the toes (Pigs. 4 and 5). 

Treatment of Lesions of the Sciatic Nerve. 

After lesions of the sciatic nerve and of the external popliteal 
nerve it is important to prevent dropping of the foot. The patient 
should, therefore, w ear an aluminium night-shoe at night, and during 
the day the foot drop must he overcome by wearing a boot with a 
toe-raising spring. The usual treatment of peripheral nerve lesions 
should be carried out, including massage aad electricity. Recovery 
IS always slow after complete divirion of the nerve. When the sciatic 
nerve-trunk has been divided return of voluntary power cannot be 
expected for from a year to e^htecn months, and may take much 
longer. It maj’’ be necessary to cany out treatment for three years. 
In the case of division of the external popliteal nerve return of power 
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may be expected to bo demonstrable in from nine months to u 
but it is likely to be at least two jeare before the maximum degree 
of reco>cry is attained. 

COCCYCOUVNU I 

'Coccjgodynia' ia the term applied to a painful aifcction Mhieh 
occurs almost exclusively in the female sex and which is characterued 
by neuralgic pain situated in the coccyx and lower part of the 
sacrum and in 6e^ ere cases radiating into the buttocks and down the 
postenor aspect of the thighs. Tlio pain usually doclops after an 
injury*, especial!}’ a fall in the sitting position, and sometimes after 
childbirth. i 

The patholog}’ of cocc} godynia is obscure. Although ut the onset 
it probably possesses an organic basis, the majority of sufTerers 
are highly neurotic, and neurosis plays an important part in its 
perpetuation. Tlie disorder when well establUhcd is very refractory 
to treatment, which, thereforc, should bo begun as early as possible. 
The patient's general health should be maintained at a high let cl, and 
sedatives will probably bo require*!. Two methods of local treatment 
are often of value— diathermy, one clectrodo being placed in the 
rectum and the other otcr the sacrum, and sacral epidural injection 
tntb novocain and saline by tbo method used in tlie treatment of 
sciatic neuntis (see p. 774). N>ray irradiation of tbe sacro-coccygcal 
region may aL^ be tried. Alcoholic injection is inadvisable and 
surgical excision of the cocej'x is unhkely to git o relief and may liel]) 
to perpetuate the symptom. 
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5. INTERSTITUL NEURITIS 
Definition: An inilanimation of the connective tissue of a }ien- 
pUeral nerve, causing pain and impairment of the functions of the 
nerve as a result of compression of tho nerve fibres, at first by 
inflammatory exudate and later by overgrow th of connective tissue 
Tho term ’neuralgia ’ has been laguely used to describe many con- 
ditions associated with pain within the distribution of a peripheral 
nerve. Apart from trigeminal neuralgia, the cause of which is 
obscure, neuralgia possesses no constant clinical or iiathological 
connotation. 

Pathology. 

Macroscopically the peripheral nerve, which is the site of inter- 
stitial ncuritu, is swollen and hyperaeinic. At first it may bo softer 
than normal. Later it bccomca tougiicned through fibrous over- 
growth. llicroscopically, in the early stages there is an mfiUration 
of tlie perineurial and endoneuna] shcatlis with round celJs, pro- 
liferation of fibroblasts, and congestion of the blood-vessels, with 
infiammatory infiltration of their walls. Later tho signs of active 
inflammation are replaced by connective-tissue overgrowth, which 
leads to compression of tho nerve-fibres and some degeneration of 
their medullary sheaths. Interstitial neuritis may occur in a spina) 
nerve as It passes through its intervertebral foramen, in a plexus, 
such as the brachial plexus, or in a peripheral nerve. Usually tho site 
of inflammation is single ; occasionally multiple nerves are involved. 

Aetiology. 

lAttie is knoim about the aatiedegy of jnicrstitiaJ neuritis In 
most cases it appears to be closely related to myositis and fibrositis, 
and may be regarded as a fibrositu of a peripheral nerve. As a rule 
the infective organism probably reaches the nerve through the blood- 
stream from a focus of infection in the teeth, nasal sinuses, tonsils, or 
jirostate. Occasionally interstitial neuritis occurs as a complication 
of a septicaeniio state. Sometimes the nerve is invaded by infection 
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irom an adjacent stnictnre, for example, brachial neuntia may be 
secondary to arthritis of the cervical spine or shoulder, and sciatic 
jieuritis to arthritis of the lumbar spine or hip. A neurotropic virus 
is sometimes responsible. Herpes zoster is a form of neuritis, and 
the virus of herpes simplex may invade a peripheral nerve from the 
skin lesion, the neuralgic herpes of MaurUc. Interstitial neuritis 
may be due to other ascoiding infections from, the skin, for example, 
foUowmg a scald or hum. Metabolic abnonuahties occasionally play 
a part in aetiologj'. Gout holds a time-honoured plac-o, probably 
with little justification, as a cause of neuritis, and diabetes is some- 
tunes the cause. Sciatic neuritis is sometimes associated viith con- 
genital abnormalities of the lumbo-sacral spine. Radium and electrio 
shock are rare causes. Trauma sometimes plays a part in aetiology’. 
Sciatic neuritis is not uncommon in car-drivers. Exposure to cold 
sometimes precipitates an attack. In some families there appears 
to be an Inherited tendency to fibrositis and neuritis. 

JjETOTriS OP THE FaCB AND SCAIJ 

Xeuntis frequently attacks tbe cutaneous serves of the face and 
scalp. Occasionally all the branches of one trigeminal ner^'e are 
involved. More frequently the affection is limited to one branch, 
usually the supra-orbital or auriculo-temjiora]. less often the infra- 
orbital. The great occipital nerve is also a common site of neuritis. 

Symptoms. 

The onset is usually acute, and neuritis of tbe face and scalp not 
uncommonly follows a cold, tooailhtis, or an attack of influenza. 
The patient complains of pain situated nithiu the distnbution of 
the affected nerve. The pain usually occurs in ^aroxysnis lasting 
for several hours, most frequently towards the close of the day, wlien 
he is fatigued. An attack of pain is aUo readily precipitated by 
exposure to cold. ^Vbeu the pain is severe it interferes ivilh sleep. 
It is of a dull, aching character, intensified by c.Taccrbations in which 
It is desenbed as shootmg along the course of the nerve. Tliere is 
often hyperalgesia of the area of skin supplied by the nerve, and 
when this includes the scalp it ia noticed on combing and brush- 
ing the hair. Tbe nerve-trunk is tender on pressure, which causes 
irradiation of pain throughout the nerve. The cutaneous hyjier- 
sensitiveneas is readily demonstrated by pricking with a pin. 

Diagnosis. 

There are numerous causes of panixj'&inal pain in the face and 
scalp, and careful investigation is required to exclude other condi- 
tions before fallmg back on a diagnous of neuritis. 
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Iiifectioa of tho nasal air sinuses is a common cause of such pain, 
frontal sinusitis being associated with supra-orbital licuralgia and 
infection of tho maxillary antrum with pain in the distribution of 
tho infra-orbital nerve. In ethuioiditis tho pain is chiefly at tho root 
of the nose, and in infection of the sphenoidal sinus is usually referred 
to tho forehead or occiput. In acute catscs of sinus infection there is 
usually a liiatory of influenza or a cold in the Iiead with or without 
a purulent nasal diachai^. Thera may be visible oedema over the 
frontal sinus or antrum. Transillutuination and examination of the 
nose will usually reveal tho site of infection, and in doubtful cases 
tho sinuses should bo X-rayed. 

Tho tjTnpanic mombranca should always be examined to exclude 
a latent otitis media. 

The teeth uio a coiupion cause of facial pain. Search should be 
made for carious teeth, and tho possibility that there is an unerupted 
tooth must always bo considered. Tliis may bo present, as may 
also a buried root, in au ajiparently edentulous patient, and can 
only bo detected by X-ray e.varouiation of the jaws. 

A careful examination ofthepharynx should bo made for a giowth, 
which may occasionally cause pain referred to tho ear and neck 

Tlio oj'o is occasionally the source of referred neuralgic pain, tho 
commonest ocular cause being glaucoma, which may be missed unless 
this possibility Is borne in mind. Pain may also be referred to the 
face in disease of tho heart and lungs. 

Intractable neuralgia may follow herpes zoster involving tho first 
division of the trigeminal nerve. The fiistory of the eruption and the 
residual scars render the diagnosis easy. 

Trigeminal neuralgia, tie douloureux, is distinguished by the 
brevity of tho attacks of pain and tho characteristio precipitating 
factors. 

In migraine the paroxysinsof headache occur at comparatively long 
intervals and are often associated with vomiting and preceded by the 
characteristic prodromal symptoms. There is usually a long historj’ 

Tabes is an occasional cause of p.»rovysmnl pain in tbo face or scalp, 
but is readily recognized by its other clinical features. 

The various intracranial causes of pam in the face and head must 
bo borne in mind, especially lesions of tho trigeminal fibres in tho 
bram-sfeni such as synhgo6uf6ia and! thrombosis of the posterior 
inferior cerebellar artery. In both of which pain is usually associated 
with analgesia and thermo-anaesthesia. 

Occipital pam may bo due to lesions of tho cervical region of the 
spinal cord or of tbo vertebral column at this level, especially cervical 
spondylitis, and is sometimia the result of fibrositis of the cervical 
muscles. 
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Hyoterical pain, 'psjcbalgia’, is distiuguished from neuntis bj- its 
lact of relation to a nerve-tnmk, its failiu« to respond to analgesic 
drugs, and by the patient’s exaggerated emotional reaction to the 
pain. 

Prognosis. 

In most cases the prognosis of neuritis of the face and scalp is 
good and there is a rapid response to treatment. Occasionally, ho« • 
ever, especially in individual of a neurotic temiwrament, (he pain 
proves intractable. 

Treatment. 

The patient should be kept at rest in a n arm room and the affected 
part protected from cold with a pad of cotton-wool. Counter-irri- 
tants are useful, especially in the early stages. One of the proprietary 
preparations containing methyl salicylate or capsicum may be used, 
but it is difficult to improve on a mustard leaf, which should be 
soaked for a minute in warm water and applied oicr the nerve- 
trunk for a (quarter of an hour on alternate days. Analgesie drugs 
will be re<iuired, and those recommended m the treatment of tri- 
geminal neuralgia (see p. 168) may be used. 

Careful search should be made for any septic focus which may be 
the source of infection of the nerve, and this, if found, should receive , 
appropriate treatment. 

If relief of pain docs not occur in a few days the affected nerve 
may be treat^ with X-ny irradiation. If this fails, it is advisable 
to inject the nerve-trunk with 2 per cent, novocain solution, the 
supra-orbital nerve being injected at the supra-orbital notch, the 
infra-orbital at its foramen, by the methods described in the section 
on trigeminal neuralgia. The great occipital nerve can bo similarly 
injected, and when occipital pain is due to Gbrositis of the cervical 
muscles relief may sometimes be obtained from novocain injection 
of any tender spots in the muscles. It is rarely necessary to inject 
alcohol. 


SrdAL Neuritis 

Interstitial neuntis may involve a spinal nerve as it passes through 
its mtervertebral foramen, leading to spinal neuritis or, as it is some- 
times less accurately called, spinal radicuhtis. The fifrh cervical 
nerve is affijcted much more/reqaeatlythan any other, and the sixth 
cervical appears to suffer next in frequenej*. Affection of other spinal 
nerves is rare, unless we include in this group certain forms of sciatic 
neuritis which are described below. The onset of spinal neuritis is 
usually acute and is attended by conriderable pain referred to the 
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cutaneous distribution of the affected spinal nerve. The correspond- 
ing luu&clcs rapidly become weak or even completely paralysed and 
soon exliibifc wasting. In neuritis of tha fiftJi cervical nerve the 
uffeclcd muscles are tho rhomboids, sjvinati, deltoid, biceps, and 
supinator longus. Objective sensory changes are mconstant, but 
there is usually at first hyperalgesia, and later a variable area of 
analgesia overlying tho deltoid. Aoalgcsies «ill be required at first 
until ])uln lusses off. The upper limb must bo splinted with the 
shoulder abducted to a right angle, tho elbow similarly flexed. Tho 
usual treatment requirerl in the case of a peripheral nerve lesion 
must bo applied to (ho paralysed muscles. Recovery of voluntary 
power is slow and often ineom 2 >)eta. 


BiuciiiAL NsUBrns 

Symptoms. 

The onset of brachial neuritis U usually subacute. Fain at flrst 
ia often localized to tho neck and supraclavicular region. In the 
coun>o of a day or two it spreads down the arm into tho fingers. It 
is increased by moving tho limb and is associated with numbness 
or hypcracsthcsia of a similar distribution, and weakness. There is 
usually a constant aching pain w itU paroxysmal exacerbations lasting 
for several hours and in severe cases interfermg with sleep, 

Tho patient keeps tho arm flexed and avoids unnecessary move- 
ments, though ho may from tune to time change its posture in an 
attempt to obtain relief. Tito brachial plexus and the nerves derived 
from it are tender on prossure.and stretching tho plexus by abducting 
the shoulder is painful. All the muscles of tho limb are weak and 
their tendon reflexes, which at first may bo slightly increaoed, soon 
becoiDO diminished or abolished. In long-standing cases there is 
usually slight muscular wasting, but this is rarely severe. Sensation 
is often slightly impaired over the hand and fingers, light touch and 
pin-prick yielding a numb feeling. Periarticular adhesions may occur, 
especially in the shoulder- and finger-joints, in severe cases, and the 
fingers may be swollen and glossy. 

Diagnosis. 

Rrachiai neuritis must bo distinguished from compression of tlie 
cervical posterior roots by spiniil tumour and of the bracliial plexus 
by neoplastic deposits. The onset of compression, however, is more 
gradual than that of neuritis. Tho nerve-trunks are not tender on 
pressure, and weakness, muscular wasting, and sensory loss are pro- 
gfcssivo and ultimately much more severe than in neuritis. 

In cervical rib, pain is referred to the ulnar border of the hand 
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and forearm ; tLere U frequently wasting of the rausclea of the hand 

and an abnormal nb can often be demonstrated radiographically. 

Arthritia of the shoulder may be asnfuaed with brachial ueuxitB, 
but in arthritU the pain and tenderness are localized to the shoulder- 
joint and the region of the insertion of the deltoid muscle. Pain is 
evoked by moving the joints the movements of which are hmifed, 
whereas m brachial neuritis rotation of the shoulder c<m be carried 
out without pain, provided the plexus is not stretched by abducting 
the arm. Both conditions may coexist, brachial neuritis being then 
Usually secondary to arthritis of the shoulder. IVhen pain is referred 
to the upper limb from frbrositis of muscles of the shoulder girdle 
tender spots can usually be demonstrated in tbepe. 

In elderly incRviduaH occlusion of they-brachial artery due to 
atheroma may simulate brachial neuritis, but this condition is easily 
distinguished by the reduction or obbteration of the radial pulse on 
the affected side. 

Prognosis. 

Brachial neoriUs almost always fields satUiactorily to adequate 
treatment, and there U generally marked improvement in the course 
of six weeks. Recurrence is udcosudoji. 

Treatment. 

Rest is of fundamental importance. The anu should be supported 
in a sling, and to severe cases the patient should be kept in bed. 
The limb should be kept warm by wrapping it in cotton-wool, but 
active beat usually iotensihes the pain. Couolcr.irritants may be 
applied over the plexus, .knalgedc drugs wdJ be required in the early 
stages, and in severe cases it may be nececciarj' to give morphine. 
Iodide and salicylate should be given and may usefuUj* be combined 
with a oour^ of Transkutan baths. X-ny irradiation of the plexus 
IS sometimes of value. Electrical treatment U usually of no benefit. 
Massage will not be tolerated during the acute stage, but after this 
has passed light massage combined with gentle exercises promotes 
recovery, 

A careful search should be made for septic foci, especially in the 
teeth, and these should receive adequate treatment. 

IxTEBCOsrat. Nechitis 

laterrestaJ neuiitlf is a rare disoaler trbiab is disgtxtsed amb 
more frequently than it occurs. It is characterized by paroxysmal 
pain throughout the distrihulion of an infercostal nerve, associated 
frequently with cutaneous tendcincas in the area supplied by the 
nerve, especially at the point of emergence of its lateral cutaneous 
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branch. Before diagnobiiig intercostal neuritis the utmost care must 
bo taken to exclude tho many other disorders \\hich may bo asso- 
ciated with pam of this diaractcr, Snch pain may be due to inflam- 
Illation of spinal posterior roots, especially in syphdis, or their 
compression by a neoplasm of the spinal coid. It may follow an 
attack of heriies zoster. Tiie spinal nerve may be compressed as a 
result of localized collajiso of the vertebral column, most commonly 
duo to tuberculous caries, secondary carcinoma, or traumatic lesions. 
Spondylitis is often associated with root pains, and these may also 
be produced b 3 ’ scoliosis. Pleurisy, both tuberculous and neoplastic, 
is somctiines mistakenly diagnosed as intercostal neuralgia, and the 
thorax is a common site of referred pain in visceral disease, especially 
in mitral stenosis and diseases of tho upper abdominal viscera. 

Treatment. 

Intercostal neuritis should he treated with analgesics and counter- 
irritants. X<ray irradiation may relievo an intractable case, and if 
all elsQ fails tho nerve may bo tojcctod with alcohol, caro being taken 
that tho iiecdlo does not {icnctrato the pleura. 

Anteiuou Cbuhal Neuritis 

Symptoms. 

Anterior crural neuritis is usually of subacute onset, the pam 
beginning in tho groin and radiating to tho front of the thigh and 
dow7i the inner a8|)ect of tho leg to tho ankle in the distribution of 
tho internal saphenous nerve. Tho pain is aching or burnuig in 
diaractcr, with paro-xysnial exacerbations, and is usually associated 
with feelings of numbness and tingling of the same distribution. The 
quadriceps becomes weak, and in consoquenco tho kneo may give way 
when tlio patient attempts to walk. Weakness of tho quadriceps is 
most evident when the patient attempts to lift the weight of the 
body by extending tho knee, os in going upstairs or getting into a bus. 

The patient lies in bed with tho hip flexed to relax the inflamed 
nerve, which is intensely tender on pressure m the groin. There is 
marked weakness of the quadriceps in extending the knee, and the 
muscle is usually somewhat was^. There may also be weakness 
of flexion of tho hip, though this is in any case difficult to test on 
account of tho pain. The knee-jerk is diminished or lost on the 
affected side. Sensory impairment is more common in anterior crural 
neuritis than in sciatic neuritis, and it is usual to find some blunting 
of light touch and pin-prick over the cutaneous distribution of the 
nerve on the anterior and inner aspects of tho thigh in its lower 
tw o-lhirds and along tho inner aspect of tho leg. 

3s 
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Diagaosis. 

Anterior crural neuritia most be liistinguialied from other lesions 
of the nerve, oiuch may be eompreaattl bj* tumoufa oitlun tbeijclris 
or may be involved m pooaa abscess- In these crises the onset ia 
usually more gradual thsin in neuritis. In every case the itelvis must 
be thoroughly inveatigated to exclude neoplasm, and the pelvis and 
spine X-rayed for evidence oftubercrulosis and neoplasm. The femur 
should also be carefully palpated and X-rsi'ed, for I have knoHU 
sarcoma of this bone mistaken ibr anterior crural neuritis. 

Anterior crural neuritis U sometimes confused \rith sciatica, but 
this cannot occur if attention is paid to the distribution of the pain 
and other symptoms. In anterior crural neuritis the knee-jerk is 
reduced or lost hut the ankle-jerk is unaffected; in sciatica the 
reverse is the case. Both anterior crural neuritis and sciatica occa- 
sionally occur simultaneously in the same individual as pari of a 
lombo-sacnU. plexitis. 

Arthritis of the hip is distingukhed from .anterior crural neuritis 
by the p»ia evoked on moxing the joiat, by the fact that wAsting 
when present involves ail the muscles around the joint and is not 
confined to the quadriceps, and that the knee-jerk is not dimuusbed 
but tends to be exaggerated. 

Prognosis. 

Recovery U the rule, the acute stage usually passing off in a few 
weeks. IVeakness of the quadriceps may persist for many months 
and the knee-jerk may remain diminBh^ for years. Recurrence is 
uncommon. 

Treatment. 

The patient must rcjit in bed and the knee should he supported 
on a pillow, so that the hip is .somewhat dexed and the uene relaxed. 
Analgciuc drugs will be required, and morphine may be needed in 
severe cases. Iodide and salicylate may 1« of vjdue. Counter- 
imtants may be apphed to the groin, and benefit is often obtained 
from a course of Tramkutan biths. If the symptoms have not sub- 
sided in two or three weeks. X-ray urudiatiun of the lumbar nen e- 
roots, and of the nerve-trunk in the groin, may be tamed out. 
Electrical treatment is of btlle value, but when the acute stage is 
passed massage of the quadriceps and gentle exercises mil j>roinolc 
recovery. Septic foci should be sought and treated. 

Sciatic Xecbitis (SctATicA) 

The sciatic nerve is probably the commonest Bite of neurit U. Why 
this should be so is unknown, though many h^imtheses have been 
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put forw ard to explain it. In the coimo of the evolution of the erect 
posture many changes have occurred in the luiubo-sacral spine and 
have left traces m the frequent occurrence of congeiutal abnorraahties 
in this region. The liability to sciatica is probably one of tho penalties 
Mhich man pays for his upright attitude and is an indication that 
ho has not > ct completely adapted himself to it Abnormalities of the 
lumbo-sacral spine, sncli as sacralization of the fifth lumbar and lum- 
banz<ition of tho first sacral vertebra, may favuse (lain of a sciatic 
distribution but cannot cause neuritis. It is probable that the primary 
site of the neuritis varies in different cases, being boiiietjmcs in the 
region of the intervertebral foramen and sometimes in the nerve- 
trunk, tho latter being tho region primarily affected u hen sciatica 
follows a fall on tho buttock or tlie repeated minor traumas atten- 
dant upon driving a car «ith a hard scat or faulty springs. 

Symptoms. 

In most cas^s tho o«.sot is subacute and sciatica is frequently pre- 
ceded by lumbar pain. After two or three days of pain in tho lumbar 
spine tho pain radiates Johti the back of one leg from tho buttock 
to tho ankle The jiam is of a severe aching or burning ciiaracter, 
subject to paroitysnial c-vacerbations, and in severe cases interferes 
^vith sleep It is intensified by stooping, sitting, and Malking The 
IHiticnt is usually most comfortablo iyitig in bed on tho sound side 
with tho affected leg slightly tlexed at tho Inp and knee Occa- 
sionally, however, wlicn tho twin is very severe ho can obtain relief 
only by gcttuig up and walking about Coughing and sneezing, 
wJiich raise the pressure both ^>ltllin tlie spinal theca and within 
the pelvis, often cause a momoutary exacerbation of tho pain. Tho 
patient often complains of a feeling of numbness, heaviness, or dead- 
ness in tho leg, especially in tlio calf and m the solo of the foot. There 
aro muscular hypotonia and slight wasting, not only of the muscles 
supplied by tho sciatic nerve, but usually also of tho glutei and 
sometimes of all the muscles of tho lower limb There is usually slight 
w cakness of the flexors of tho kneo and of all the muscles below the 
knee, that is, those muscles which are innervated by the sciatic ; but 
movements of the hip may also be impaired on account of tlie pain. 
Tho ankle-jerk is diminished or lost, since tho calf muscles are inner- 
rated by tbesciatio nerve, Tlie knee-jerk is often exaggerated, partly 
as a reflex result of the pain and partly oiving to liypotonia of the 
hamstrings, tho antagonists of the quadriceps. Tho plantar reflex is 
flexor. Tho sciatic nerve is tender on pressure in the buttock and 
thigh, and stretching tho nerve by extending the knee with the hip 
flexed causes severe pain — Laseguo’sagn. There is rarely any sensory 
loss, though occasionally there is slight blunting of light touch and 
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pin-prick orer the foot anti loner part o/ the outer aspect of the leg. 
I have known a simultaneous neuritis of the sciatic and small sciatic 
nerres, in which case there were anaesthesia and analgesia over the 
cutaneous distnhution of the latter in the lower half of the posterior 
aspect of the thigh. Scoliosis is often associated ^nth sciatica, tJje 
lumbar spine being flexcKl usually towards the affected side, less 
frequently touanU the oppt«ite side. An excess of protein an<l of 
mononuclear cells U sometimes found in the ccrebro-spinal Hind. 
Bilateral sciatica is extremely rare. 

Diagnosis. 

The sciatic nerve is liable to coaipre±«ion at various points in its 
course between the spinal coni and the tlzigh. Within the s^final 
canal the nerve-roots may bo involved in compression by tumours 
of the cord or of the cauda equina or by a prolapsed intervertebral 
disk, or may be the rite of inttammation due to syphilis. The spinal 
nerves may be compressed within the intcrrcrtebml foramina as a 
result of (U&ease of the vertehial column. Vertebral collapse may be, 
caused by caries of the spme duo to tuberculosis or other forms of 
chronic osteitis, primary or secondary neoplasm or trauma. Infectioa 
due to spondyhtU may extend to the nerves, and subluxation or 
other abnormalities of the fifth Jumbar vertebra may compress the 
lumbro-sacrol cord, which may also suiTer, os it hes in front of the 
Bacro-iliao joint, from tuberculosis of this joint, from comprea»ion by 
secondary carcinoma of the mternal iliac glands, or from involvement 
in psoas abscess. Within the pelvis, infection may spread to the nervo 
from an inflamed appendix or diverticulum of the colon, and com- 
pression may arise from a ocoptasm, from the pre^iant uterus, or 
from the foetal bead during delivery'. As the nerve passes through 
the sciatic notch it may bo coinpre^ed by sarcoma or aneurysm of 
the gluteal artery. tVithin the buttocJc it is subject to various forms 
of trauma and, as it lies behind the hip-joint, it may be involred m an 
extension of inflammation from artbrilis of the hip. The nerve itself 
may he the site of tumours, such as neuroflbroma, or rarely' sarcoma 
or angioma. '' 

It is important, tberefruT, to distinguish the symptoms of sciatic 
neuritis from those of sciatic compression. The principal points of 
distinction are that in neuritis the onset of symptoms is fairly rapiil, 
the nerve is markedly tenilcr on pressure, muscular wasting is slight, 
sensory loss is absent or very sl^ht, and the course of the disorder 
during the first months after the onset ia stationary or tends to im- 
provement. In sciatic comptc»au>n the onset is usually gradual, the 
nerve is not tender on pressure, muanilarwa&ting is compieuoas, and 
sensory lo»s is always present. Further, both of theae sj raptoms are 
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progressive. ^Vn exception to this ia compression by a herniated 
intervertebral disk (see p. G34). Sciatic pam duo to this cause is 
usually associated with pain in and rigidity of the lumbar spine. 
Motor and sensory symptoms in the lower limb ore often non- 
progressive and may be shght. Radiography after the lumbar in- 
joction of lipiodol ia needed to confirm the diagnosis. 

JJeforc a diagnosis of sciatic neuritis is accepted, the abdomen and 
pelvis must be thoroughly oxamiiied for possible sources of com- 
pression, and the lumbarspincand pelvis should bo X-r.iyed toexclude 
bony abnormalities, csiiecially spondylitis and congenital malforma- 
tions of the linubo-sacral tegion Attention must also be paid to the 
general condition of the iKXticnt, and inquiry made for symptoms 
suggestive of a pelvic neoplasm and as to recent loss of weight. 
Rectal examination should never bo omitted , and in women vaginal 
c.Yamination is advisable also. A complete cxaniination of the ner- 
vous system is required to exclude tumours of the spinal cord and 
syphilis as a cause of sciatic pain, and if these are suspected the 
cercbro-apinal ituid should also bo examined. 

The distinction of sciatica from anterior crural neuritis has been 
described in the scqtion dealing with the latter. 

Sciatica requires to be distinguished from arthritis of the hip-joint, 
with which, liowcvcr, it may bo associated. In sciatica movements 
oftho hip-joint arc painlci{ 8 ,providcdtli 08 €iaticncrvo is not stretched. 
Tlio lower limb can bo rotated and abducted witliout pam, wliercas 
tlicso movements are painful and often limited in arthritis of the hip. 
In the latter condition tho anhlo-Jcrk ia preserved. 

Lumbar and sacro-iliac stnain may be confused with sciatica In 
these conditions, however, pain and tenderness arc situated in the 
lumbar spine and over tho sacro-iliac joint respectively, and though 
the pain may bo intensified by movements of the spine or by liftmg 
the legs from the bed, it docs not usually radiate below tho knee and 
tho ankle-jerks are preserved. 

Vascular lesions \?itiiui the distribution of the femoral artery, such 
as atheroma and thrombo-angeitis obliterans, are occasional causes 
of pain in tho leg in niiddio ago and later in life. Intermittent claudi- 
cation is not always present in these cases. The diagnosis is readily 
established by duninution in the volume of the femoral, dorsalis 
pedis, or fiosterior Ubial pulst^ 

Prognosis. 

In mild cases tho stage of severe paui lists only two or three weeks 
apd the patient recovers in a month or two, except that he may 
from time to time experience aching in the course of tho nerve and 
stooping may still excite some pain in tho affected leg Jn more 
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BBTere cases there may ho slight improsement after several \»cek8, 
but tho condition then becomca stationary and tho patient coiitinuca 
to suffer from considerahlo pain for a number of months. Bccoiery, 
however, ultimately occurs, except for tho residual disabilities just 
mentioned. Uelapsca are common. In bonie cases they occur at 
frequent intervals, so that the patient is hardly free from pain over 
a period of several years. In other cases tlio second attack may bo 
ddaj ed until tea or more years after tlio first. 

Treatment. 

The patient must bo kcfit .at rest in bed. Analgesic drugs uiU bo 
required, including mor|)liiiie in tho most severe cases. A toursg of 
iodide and salicylate should bo given. Counter-imtation may bo 
applied along tho coun>o of the nerve, and radiant heat, gatvanUm, 
and diathermy may e.\crt a sedative aclion. X-ray irradiation of 
the nerve-roots and trunk in many eases gives a marked relief after 
the acute stage is passed. A combination of lieat and counter- 
irritation applied in the form of Trunskulnn baths is often more 
ciTcctiie than any other form of treatment. If the paticfiC can stand 
immobilization, the limb may be iixed by means of a long Liston 
splint for a (leriod of three ueeks. 

Epidural Injection, 

In obstuiate cases injection of the ncrve.roots or trunk may be 
considered. Benefit may be derived from strctcJiing tho former by 
epidural injection at tho saero-coccjgeal foramen. This can readily 
Iw palpated at the lower end of the sacrum, where it is coi-ered by 
the jxisterior sacro-coccygeal ligament. Tho foramen is bounded 
above by the concave lower border of the sacruin in tho middle line 
and at the sides by the two lateral tubercles. The pitient either lies 
on one side or assumes the kiiee-etbon' pobition. Tiie site of the 
injection is painted with iodine aud anaesllietUed with novocain, 
and a fine lumbar-puncture needle is ^lasscd tlirougb tho ligament 
upwards aud sh'ghtly forwards. T« enty c.c. of 1 per cent, uovocaui 
solution are first injected, and this is folloned by an injection of 
normal saline, of which SO c.o. or more can usually bo injected, 
the solutions being at body tcmjicratuce. Tbo object of tbe injection 
being to stretch the ncrve-roots, a sufilclcnt volume of saline must 
be injected tornise the tension in tho epidural spare. 
therefore, to continue Injecting salme until a considerable resistance 
is encountered, provided always that it does not cause f>c\ere pam. 
Epidural injection yields rehefof pain in about 50 per cent, of eases. 
Sometimes the result is liraiiiatii^ the patient being completely and 
permanently relieved. A second injection may be gi\ eu after an in- 
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terral of tw o or three days if neoessary. Various otiier solurioiis /lavo 
been used for this injection, but they do not appear to possess any 
advantage over saline, \vhich has tlie additional recommendation of 
being perfectly safe. 

Injection of Ike Nerve Irunh 

Injection of the nerve-tmnk is sometimes of value ui obstinate 
cases, tJmugh it is less easy to carry out successfully tlian epidural 
injection. The netvo is injected in the buttock, its position bemg 
ascertained as follows; the sciatic notch is marked on the skin at 
a point i in. lateral to the top of the intcrgUitcal cleft and 4 in. above 
tho tuber isclui. From tins point the nerve passes outwards and 
downwards, to Uo midway between tho tuber iscbii and the great 
trochanter. The course of the nerve is marked on the skin and tho 
injection made IJ in below the sciatic notch Tho skin having been 
painted with iodine and anaesthetized witli novocain, a needle 4 or 
J in. in length is introduced at right angles to the skin as far as the 
sciatic notch. When the nerve is penetrated, the patient experiences 
a shockdiko sensation which radiates down the course of the nerve. 
When this occurs, 1 c.c. of normal saline is injected, and if the point 
of the needle lies within the nerve-lnmk this injection causes pam 
in tho foot. Tw o c c. of 2 per cent, novocain solution is then injected 
into tho nerve as au anacstiietic, and this is followed by 60 to 80 c.c 
of sterile normal saline solution at body temperature. If the first 
injection of saline causes no pain in tho foot, the point of tho needle 
is not in the nerve and this must again be sought. Throughout the 
procedure care must bo taken that tlio needle remains iii its original 
position, as a slight movement may cause it to escape from the nerve 
A successful injection distends tlio ncrve-shcath, and this method of 
treatment produces benefit probably by breaking down adhesions 
within the slieatli. The injection can be repeated if necessary a few 
days later. 

The injection of oxygen into the deep tissues of the back of tho thigh 
has been advocated for the treatment of sciatica, but this is not 
without risk and at least ono fatality has occurred. The intrathecal 
injection of alcohol seems hardly justifiable for a simple neuritis. In 
very resistant cases it may he north uhile to try stretching the nerve 
under an anaesthetic by forcible flexion of tho hip with tho kneo 
extended. Tlio older inetliod of stretchuig the nerve after exposing 
it surgically in the tiiigh has fallen into disuse. 

As soon as the stage of severe pain ia past the lower limb should 
bo massaged daily, and the masseur should gently stretch tlio nervo 
by flexing tho hip with tlie knee extended. During convalescence 
tho patient should jiractice stooping with tho knees extended. Focal 
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sepsis should alirajs be sought and treated, and the patient must 
be instructed to avoid exposing the nerve to trauma, for example, by 
driving a car, if this appears to have precipitated the attack. 
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CHAPTEU XVn 
DISORDERS OF MUSCLE 
1. THE PHYSIOLOGY OF MUSCLE 
A VOLVUTARY })]uscle If composed of uittscle fibres each of ^vhich is 
a miiltmuclcated cell, consisting of contractile substance uitli a sarco- 
leramal sheath and its nuclei and a motor end plate in u Inch the nerve 
fibre terminates There arc still gaps in our knowledge of how the 
liberation of energy occurs in muscular contraction Muscles contain 
a compound of creatine with phosphoric acid termed phosphagen 
The liberation of energy involves a cj’clc in the course of which phos- 
phagen ia broken down and resynthesized and glycogen is broken 
dorni into lactic acid. As a result, cnvitininc, whicli ;s the anhydride 
of croatino, U excreted in the urine Creatine U not normally excreted 
by the adult male, but it is excreted by children and by some adult 
females. Creatine appears in the urine also in wasting diseases, such 
oa diabetes and oxophthahuic goitre, in muscular dystrophy and 
sometimes in myasthenia gravis 

An important advance in the physiology of muscular contraction 
was the discovery of a humoral element in the transmission of tiio 
nervous impulsoat the myoneural junction Dale’s (1D34) observation 
that acetyl-cliolino play^ a part in this process has afforded an ex- 
planation for the action of {irostigmm in tcmpomnly abolishing the 
fatiguability in myastlienia gravis, smeo this drug is behoved to pro- 
long the action of acetyJ-choline at tho myoneural jnnetrou by inhibi- 
ting an esterase which othenvise dcslioj's it Tho action of qumino 
in diminishing myotonia may bo due to an opposite effect, but 
recent work suggests that its action is directly upon tho muscle. 
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2. jnroFiBROsrris 

Hxjmnyina : SIj ositis ; fibrositls ; muscular rheumatism. 
l^jinilion: An acute, subacute, or chronic inflammation of tho 
connective tiasuo of a muscle, giving rise to- pain and tenderness. 
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Aetiology. 

The precise cait-o of this tonunon duonler h uiiluiovni. CoW is 
oKcn a praii»iwsing factor, citlicr ia tho form of .1 general chill or 
a local draught, and jayofibresitis of tho upper ^pjJ3al muscles ia 
common in tho&e who (lri\e in an open ear. Tho condition may also 
follow trauma involving muscular strain. It is generally regarded 
d.s due to infection with an organism siinilar to that lesponsiblo fur 
ciironio arthritis and interstitial neuritis, and (his in some cases at 
least has its primary focus in the teeth or tonsils, hut tho uudouhied 
familial tendency to muscular rheumatism suggests that a metabolic 
factor may play a part. 

Pathology. 

An tndamtnatory serous cxiidato is prc^iifc iit the eonnectiic tissuo 
ofthcaffccted musclrsduringtbcaculostage, and later the syinploms 
may bo maintained by tho formation of nodules of fibrous siardiHsUC. 

Symptoms, 

Tho onset is often acute, tho pain being frequently first noticctl 
after A 5ud<Icfl movement. There is an aching or burning {Mtri in 
the JijuaHe, which is inten-sified by movimniU involving its con- 
traction and id attended by tendcnicM on pn‘s»uro. When tho 
lumbar muscles are involved the iviin may bo v cry sev ere and mov c- 
nicnt much hampered. .U a rule them is no consttluiional dis- 
turb.ia<'c. 

Alnioot any of the iniiach-s may bo nfrcctwl. Stiff neck, ono form 
of torticollis, is due to inyotibrasitls, either of tho stcmoin.'i.itoid or of 
the jxfetcnor cervical muscles, the bead being licUl tilted to one side. 
'Ccphalodv'nia' is tho term app(ic«l to mjohbro'ilis of tho luusctes 
attached to tho skull. In the muscle's of tho thoracic 

wall and those sujicrficial to it are affecU-d. ‘Lumb.«go' is the term 
applied to mv ofibrosltis of the lumbar muscles. 

Diagnosis. 

Jl^ofihrositLs must be dfetinguiahcsl from {uinful conditions duo 
to lesions of the nenoms »>>tem, es|»cewlh' of tho j>a>tcrior roots, 
III vihith p.nin U os a rule associated with hyiicr.ilge«ia or unnlgc-da 
of a spui.il bogmcntal dUtribiitiou. Torticollis due to tnvofibroKitU 
must be diAinguishcd from lAiics of tho ct’rvic,al spine niid from 
of tho stcmom.utokl sccondaty to cervical adcniti'«. A diag- 
na'is of lumbar fibrusitis should only bo acccptid when other c.im.c9 
of lumbar jiain have been excluded. Tulxjculous caric.s, Kscondary 
cariuiuma, and sjiontlj IitU of the lumbar spine, traumatic tcillaivas 
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of tlio vcrlcLrao (KiiiiimcrB dibcabo), OHil bacraljzation of tho fifth 
lumbar vertebra can often bo diagnosed witii certamty only radio- 
grapluc«illy. In patients Hutrering from lumbar strain the lumbar 
spine is usually tender rather tluii the iiuisclcs, and the pain is most 
evident on stooping and rising from the stooping posture. In strain 
and infection of thosacro-iliae joint the tenderness is situated over llio 
joint, and the |jain is inercaaeil by coyipresdng the iliac crests and 
by flexing the hip ^^ilh tlio kneo cxteiidtHl Pain may be referred 
to the lumbo-sacral region from diseased jx-'lvic \istcra, and may also 
bo hysterical m nature 

Prognosis. 

iVfter a few days the acute stage terminate'^ cither in recovery or in 
a chronic stage in n Inch the {kam la less severe. Uclapses arc common 

Treatment. 

In the acute stage the i>aticnt shouUi he kept at rest in a warm 
room and heat should be applied to the affected |sirt. TliU is most 
simply done by means of a hot>uatcr bottle, but radiant heat and 
dmtbcrmy may be cmploycil. Oounterirritants are useful and may 
tnko the form of a mustanl leaf, or counter.irritation may be com- 
bined with massage in the form of r.arious liniments, or M'ith heat 
by means of Transkulan baths lulide and oahcylato sliould be given 
in a mixture, and adequate doses of'.ispirii) or otlicr analgesics In 
severe eases of lumbago morphine may bo required. When the acute 
stage is ]nist vigorous massage and passive and active movements of 
the affected muscles bhoutd be carried out. Persistent painful nodules 
should bo treated by the injection of » few drops of alcohol into the 
tender 6|>ot after preUminary anacsthctizalion with novocain. Care- 
ful search should bo inado for septic ibci in the teeth, tonsils, nasal 
sinuses, andclscwhere, and these, if found, should receive appropriate 
treatment. 
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3. DERMATOMYOSITIS 

Defmilion: A rare disorder charactcrizetl by inflammation of the 
muscles and of the ot erlying skin. 

Pathology. 

Any or all of the muscles may be involvetl. Histologically, affected 
muscles are oedematous and exhibit varying degrees of degeneration 
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of tlieir fibres, .in inflammatory ioBitration is j/rd»eni in the pen- 
Tascular coonectire tissue and in tlio connective tissue l>etivecn the 
jnuscle-bundJee, In ibe later stagea fibrosis is conspicuous. The 
skin exhibits a firm oedema, with infiltration with yellow isli rorous 
fluid. 

Aetiolo^y- 

The histological changes and the occuctchcc of fevee and splenic 
enlargement indicate that the «lUorder U probabl 5 ' inflammatoiy, 
but the causal orgauisni is unknown, Tlie disease usually occurs 
during adult life. 

Symptoms. 

Tlie onset is usually nuhiculc and » characterized by mahiso 
and pain in the extreinities. After two or three weeks tlio muscles 
first attacked become tender and risi<l. Tlio skin overlying them is 
swollen but pits little, and is usually the bite of ait erythematous or 
urticarial eruption. The muscles arc attackeil succcsuvoly, and all 
the muscles of the body may he involved. There is moderate fe\cr, 
with considerable sw eating, and the bpieeii U often enlarged. Stoma* 
titis may be present. The muscular n’gitlUy causes great limitation of 
movement and muscular con(rac(urc;» may occur. Steiner describes 
an acute form, with a dumtiorf of from t iro u ccks to tu o months, a 
subacuteforiu,lastuigtwotoeightn)onth.s,andar}ii«nicforin,lasting 
one and a half to two years. 

Diagnosis. 

The diagnosis from trichinosis and suppurative myositb is best 
made by excision ofa portion of muscle and histological examination. 

Prognosis. 

The outlook is serious, for seventeen outof twenty-eight of Steiner’s 
patients died. Death usually occurs from broncho-pneumouia, the 
result of the rigidity of the respiratoiy' muscles. Kliugman has de- 
scribed a form of ilerznatoncutomyoHtis terminating in sclerodcrmia, 
but Ljs eases did not all pnsient the typical picture of demiato- 
myositis. 

Treatment. 

Heat should be applied to the muscles, and tHathcrmy may 1>e 
employed for this purpose. ^lassage and exercises may be of value 
if the patient can tolerate tlicin. Aspirin should be given for the 
reh'efof pam, audio severe eases morphine wiJl be required. 



DERSIATOllYOSms 


781 


REFERENCES 

liUNOMAH, \V. O (1030) l>cnn&loneuroiu>ositM rcsiillmg in scleroderma. 
/IrrA. Neurol. «t- Ptychiat xxiv 1187 

STiiNLit, IV’. K (lOOl-S) IX'rmatomyositis, witJi report of a ease ivhirh 
preceiitoil a rare mii«cl© anomaly but once tleacnhetl in nmn. J Exper 
M(ui. \i. 407 

(1021). MyoMtia Or/onl Medictne, i\ 353 New York 


4 EPIDEJUC JIYALGIA 

Epidemic inyaigia, or Bornholm diseoac, is due to an unknown 
infective agent. A large epdenne occurred in 1931 in Southern Sweden 
ajid Denmark, but it has been observed m many otlier countries in- 
cluding England and North America It is a febrile illness and its 
victims arc usually between the ages of ten and twenty-live years. 
The onset is usually sudden and the most characteristic symptom is 
pain in the lower chest, precordium, and abdomen The commonest 
complications are orchitis and dry pleurisy. Respiration may be 
rapid and painful and the muscles of tho abdominal wall are usually 
tender. The disorder may bo mistaken for an ‘acute abdomen'. It 
runs n benign eourhc, complete recovery occurring in from four to six 
days without soQUclac Treatment is symjilomatio 
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5. MUSCULAR DYSTROPHY 

Synonyms: Slyopatliy ; myopathic atrophy. 

Definilion : The muscular dystrophies are a group of disorders of 
which the essential feature is a progressive tlegeneration of certain 
groups of muscles. Tho disease is frequently familial or hereditary, 
and a number of fonus have been Tcct^iizeii owing to variations 
in the distribution of the musclea affected. A given form usually 
breeds true, but intermediate forms occur. Tho distribution of 
the muscular wastmg is peculiar, and the muscles are affected 
independently of any disease of the nervous sj'stem. Affected 
muscles, either in the same indivwlual or in different forms of 
the disease, may show true hypertrophy, pseudo-hj’pertrophy, or 
atrophy. 
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Pathology. 

Xothing is kiiown about the histological apix’arance of the muscIcs 
in the stage of true hyj)ertrophy. In pseudo-bypeitrophy anti atrophy 
the earliest change, according to Buzzard and Greenfield, is spelling 
of some of the muscle-fibres and increase in the sarco-lemmar nuclei. 
Tliestriation of these swollen fibres is less nurhed than usual. After 
the early stages a number of very small muscle-fibres are found, n Lich, 
It has bwn suggested, arc formed by a splitting of the lijTJertrophicd 
fibres. Jluscle-fibres can be obscacd undergoing degeneration and 
conreisjon into fibrous tissue. The connectire th,sue septa between 
the fibres arc increased, and there is a marked interfibroua deposition 
of fat, to which the mcreased bulk of the pseudo-hj-pertrophied 
muscles is due. Infiltration with roimd cells and even \rith multi- 
nucleated cells is sometimes present. 

Aetiology. 

A congenital, and in many cases hereditary, abaoraiality Js the 
primorj’ cause of muscular dystrophy. The mode of inheritance of 
the disorder IS not completely understood, but it apiieors that dififerenC 
forms may be inherit^ in differeot wa\s. The ])beudD>bypertropluc 
form geeniB to be usually inherited as a sex-linked rocesslTC and 
resembles haemophilia in being transmitted by apparently healthy 
females and manifesting itself usually in males The variety ^ 
dj-strophj reported by Barnes is probably inhented as a pure domi- 
nant More compheated modes of inheritanco hare been invoked to 
erplam pecuharities In tbo mode of tram>mhision in certain families, 
and it has been suggested that in certain cases muscular d^-strophy 
may depend upon the coexLtenee in tho hereditary material of a 
single individual of two separate genes, both of 'nhich may be either 
dominant or recessive. 

M'e do not know what is the nature of the hereditary fault, nor 
whether it L'es in the structure of the muscles themselves, In a dis- 
order of their metabolism, or In their control by endocrine or other 
factors. The peculiarities of tho distiibution of the atrophy have 
been explained in terms of foetal development, and it has been 
suggested that the muscles uhich first become difierentiated in the 
embryo are those mo»t likely to be aficctcd in dystrophy. It is 
difficult, however, to reconcile tWa explanation with the inauenco of 
inheritance. Although cases have been reported in which trauma 
and infections hare been iblloncd bythedevclopment of dystrophy, 
It 13 probable that these have operated merely as precipitating fac- 
tors m an individual who was already constitutionally predi«pO!,ed 
to djstrophy. 
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Symptoms. 

Tho following are the mOTo important clinical varieties of muscular 
dystrophy. 

Dystrophia JIuscuhrum Hyperplaatica {Ilyperirophia Musculorum 
Vera). 

This is a very rare form of dystrophy, which, however, assumes 
importance when considered in relation to the other varieties It 
usually afTecla aduit males and is characterized by excessive muscular 
development uluch may be generalized or may bo limited to one or 
two limbs. .tVlthough in most cases the bypertropiued muscles are 
weaker than normal, j-ct in the c-u-ly stages the sufferer may be en- 
dowed Avith exceptional strength. This occiured in SpiUer’s (1913) 
case and in the first stages of the dystrophy described by Ramos 
(1032). It appears, therefore, that true muscuUr hypertrophy witji 
increased power may precede pseudo-hj-pertrophy, and the rpla- 
tionship between hyiierplastic niiiscutar dystrophy and the other 
varieties ia couQruied by tbo occasional association in the same 
individual of muscular hypertrophy, with increased power m some 
muscles, and atrophy and weakness in otliers. Cramp-liko pains have 
been described as occurring in tbo bypertrophied muscles There is 
no record of the liistological appearance of the muscles in the stage 
of hypertrophy. Ry the time that weakness has set in they present 
the same appearances os the muscles in pseudo-hypertrophy. 

Pseuda-hypertrophtc JfuaCHlar Dystrophy. 

This is the commonest variety of muscular dystrophy and was the 
first to he recognized, by Dwchenno (1886). It usually appears in 
childhood about the middle of the first decade of life. It is rare for the 
onset to occur after puberty, but occasionally symptoms are observed 
for the first time in middle life. Although the disorder may occur 
sporadically, it frequently affects several siblings. A history of the 
disorder in previous generations is inconstant Males are affected at 
least six times as frequently as females, and it appears usually to bo 
inherited as a sex-hnked recessive. 

The onset is gradual. A child which has previously been normal 
begins to w alk clumsily, tends to foil, and after falling has difficulty 
in getting up unaided. Examinatiou at this stage reveals enlarge- 
ment, pseudo-hypertrophy, of some muscles and wasting of others. 
The distribution of these muscular changes is remarkably constant. 
Tho muscles whicli most frequently exhibit pseudo-hypertrophy are 
the calves, tho glutei, the quadriceps, the infraspinati, and the del- 
toids (Fig. 72). The suprasplnati and trice^w may also be enlarged 
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less freq^aently the biceps, and occasionally the serratus magnus, 
the muscles of the forearms, and tlie uiassetcrs. Tlie pseudo-hyper- 
trophied muscles are firmer than normal to the touch, ond in spite 
of their ap^warance are weak. Wasting is almost ahrays prescsit in 
the sternal part of the pectoralis major and in tlie latissimna dorsi. 



It may also be present in the serratus ma^iis and the muscles of the 
Umbs, the proximal muscles being more liable to vasto than the distal 
ones. The musclca of the face and hands al^>s escape. Ultimately 
wasting derelops in most cases in the muscles uhich prewously ex- 
hibited pseudo. h3’p«trophy. 

The peculiar distribution of the muscular weakness leads to 
characteristic disorders of the stance and gait. Weakness of the 
glutei, the extensors of the trunk and hips, causes the patient to 
assume an attitude ofionlcKsiswhenstaiiding, the trunk being thrown 
back, as in pregnancy, to displace the centre of grarity behind tlie 
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\or(cbral column and thus Ifirow tho taak of maintaining it upright 
upon the lle\ors rather than upon tho extensors of the hips. The 
[>aticnt adopts a waddling g«ut, soniewliat similar to that seen in 
congenital disloeatiun of tho hijw Weakness of the extensors of tho 
spine and Xnccs leads to tho adoption of a characteristic method of 
rising from tho ground, tho patient turning over on to the Jiauds 
anil feet and assisting hiniseJf into the uprigJit attituiio by clasjwng 
his legs \\itl> his hands and ‘climbuig up’ his o\ni legs. 

Muscular tibnllation is absent, but tho muscles exhibit tho electrical 
reactions associatcil s\ith muscular atrophy. Tho tendon rellexes are 
diminished and ultimately lost, botli in tlio pseiulo-h> jicrtrophicd and 
in the atrophied muscles. Sensation is unimpaired and uitclligence 
IS usually normal. 

The J/uscular Dysfrojihi/ of Rtrius. 

Barnes (1032) has described a family in mIucJi a uniqiio variety 
of muscular dystrophy has appeared in five sueceesive generations 
and uhicli pre.scnt8 points of interest in relation to other varieties 
Tho scxca aro affected about equally, and it np])ears to bo inherited 
AS a Jifcndclian dominant. Tho age of onset varies hetucen 9 and 
00. Tho iirst stage U a true muscular liyf>crtrophy associated uith 
abnormal strength. TJii.s giics place usually in middle life to pro- 
gressivo Mcakness, tho muscicti remaining enlarged, tho stage of 
p«cudo-hypcrtrophy Weakness is first np)>,ircnt in the Ilexors of tho 
hips. Atrophy then dovclo{>s in tho cnlaigcd muscles, begiiuung in 
the thighs and legs, and finally muscular atrophy not preceiled by 
pseudo-hy’pertrophy makes its np^tcnrance in tho small muscles of 
tho hands. Tho disease is not mcoiu^mtiblo uitb the normal span 
of life. 

Olher Variciiesof ilueeular Dyslrophj, 

Tho remaining varieties of muscular dystropliy are less sharply 
differentiated from each other than from tlie pseudo-hypertrophic 
form, from uliicli they diifer in that pseudo-hypertrophy does not 
occur, tho se.Tcs aro more equally affected, hcr^itary influence is 
more evident, the age uf onset is usually later, and tho progress of 
the disorder is slower. Nevertheless, intermediate forms between 
the pseudo-hypertrophic and tlie olher viirictics of dystrophy are 
encountered, wiulo the other forma tlicinsclvcs cannot always bo 
sharply differentiated from each other. 

In the heydm-^iobxua tyi>o pseudo-hypertrophy is absent and tlie 
wastuig predominates in tho lower limba. 

In tho facict-scapolo-hu'meral dystrophy of Landouzy and Dejerine 
(1885, 18SC) theonsetusnallyoeoursilmingchtidliood. Weaknessand 
3b 
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Tasting first appear in the faml muscles. ^Veak^cs3 of the orbicularis 
ocuJj ivnUcrs pouting anil whistling impossible. The zygomatici suffer 
early, causing weakne^ of rctractio 0 of the angle oftlieniouUi, which 
is conspicuous in smiling. There may also bo \\ cakness of closure of 
the eyes and of wrinkling the brow. The resulting ‘niyopiilhio facies’ 
IS distinctive. .Atropliy next involves the muscles of the shoulder- 
girdle and arm, and later the trunk and lower limbs. 

In the juienife {hjstrophtj of Erb (1883), so called because the onset 
usually occurs between the ages of lo and 3o, wasting usually begins 
in the arm- and shoulder-muscles, later involving tho trunk and lower 
lunbs. The face usually escapes, but may be affected. 

Gowers (1002) and others have desenbed a distal fonn, in which 
wasting be^ns in the hands and forearms and in the legs below the 
knees. In some cases tlw? legs alone may be affected for many j ears. 
A late hjpe, begiiming in middle nge, has been described by Mevin 
(1930). 

Involvement of the ocular muscles in dystrophy is extremely rare. 
Gon ers has described one case, and I have seen an apparent example 
of this in a woman aged 20 in whom there was complete bilateral 
external ophtlialmoplegia with norma) pupillary reactions, associated 
with enlarged and somewhat weak calf-mu»dc3 and sluggbli ankle- 
jerks. 

In thcso varieties of dystrophy muscular atroph.v U associalwi 
with the usual electrical changes and with diminution and ultimately 
loss of the tendon reflexes. .Muscular fibrillation, Ihougb very excep- 
tional, has been described. Sensory changes arc absent. 

A diminution in tho urinary excretion of crratininc and Uic occur- 
rcnco of cicatiiiuria in muscular dystrophy are probably bccondary 
to the loss of musclo tissue. 

Prognosis. 

Tlie p»cudo-hypcrtrophic form Ualmo>t invariably progrev>i\ e, Uio 
only exccfttions being some ui«ca in w liich tho d\-strop!iy is disco\ ertil 
after the age of 20. Mt«cular Hcaknos incrcaaes until the patient is 
unable to walk. Contractures du\clop, c«,]ie(.ially in the bainstriugs 
aud calf-muscles, and tlicrc is often Mrvero scolioAli. Tho diseas) 
usually terminates f.ilafly in from ten to fifteen j-e.irs after tfio 
on.set, porah’ais of tho rrs|Hratoiy muscles leading to dc.ath from 
pneumonia. 

The ;in^Tes3 of the other varieties is aJHays slower than in Ibe 
p-scudo-hj-pcrtrophic form, and controcturra are less liable to occur- 
Soznetiou's Ujo disease appears lo become arrcolcd, and in a few 
even mipro\cmcnl has been desmbed. Wien tlie oii-set occurs in 
cbtlilhuod the condition U hkcJy to terminate fatally from refiiiralory 
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complications, though oven so, life niay bo prolonged for twenty 
years or more. \Vhen tho onset occurs after 20 tho disease lioes not 
neccss.irily shorten fife. 

Diagnosis. 

Diagnosis of the muscular dystrophies rests upon the onset, usually 
at an early age, of aymmctrical muscular wasting, with a distribution 
which cannot bo cxplafntHl tu terms of tho innervation of the muscles 
In tlio jiscudo-hypcrtrophic form the pre«:nco and distinctive dis- 
tribution of the enlarged, firm, but weak muscles is pathognomonic. 
The occurrcnco of other eases in the family', tliough not mvanabic. 
affords confirmatory evidence. 

Poliomyelitis is ilUtinguishcd by the acute onset and tho asym. 
nictrieaj and non-progressivo eharacUT of the muscular wasting 
I’rogrcssivo muscular atrojihy usually develops later m life than tho 
dystrophies. Unlike tho dystrophies, it frequently begins in tho small 
muscicsof tholiands, and muscnlarfibnllation is always conspicuous. 
Dystrophia myotonica h distinguished by the presence of myotonia 
and by tho ^icculiar distribution of tho muscular wasting, especially 
by tlie cliaractcristJc involvement of the sternoninstoids, which are 
rarely affected in tho other dystrophies. In peroneal muscular 
Atrophy the muscular wasting begins in tho feet and bands and 
gradually ascends tho limbs, involving the peripheral before the 
proximal parts of tho muscles. Sensory changes ore present, 
especially in tlio lower limbs. iVogressivo hypertrophic polyneuritis 
is distinguished from tlio dystrophies by tlio occurrenee of sensory 
changes and by tho fact that thickening of tho penpbcral nerves 
can usually be di&covcrcd on palpation. Amyotonia congenita and 
jirogrCbsive muscular atrophy of infancy are easily recognized on 
account of tho congenital origin of tho former and tho onset of the 
latter during the first year of life. 

Treatment. 

No treatment can bo relied upon to have any influence in retarding 
tho progress of the dystrophies. Glycuio has been given in doses of 
10 to 20 gin. daily but is of doubtful value in most eases, though a few 
facem to improve while taking it and many deteriorato more rapidly 
when it is stopped. Massage may help to maintain the nutrition 
of tho muscles and may delay the development of contractures. As 
long as povsiblo the patient should bo encouraged to walk. If con- 
tractures develop, tenotomy is advisable if they do not respond to 
treatment with extension apparatus. In the later stages the patient 
should bo protected from the risk of respiratory infections. 
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0. DYSTROPIIU 31Y0T0NICA 
Synonym; Myotonia atrophica- . f 

I^Jinilion: A hereditary disonlir characterized by inusculur djs- 
trophy, myotonia, and other dyatrojiliic dUtiirhancos, csjiccially 
cataract and gon.u]al atrophy, and liy tho otcunrnw! of cataract in 
members of {ircccding generations of tiio same fanulv. It naa first 
dtocnbed by Ik'kage (1890). 
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Pathology. 

The most prominent fcatnro of the diiicaso ia the muscular <atropliy 
uliich affccta particularly thostcmomastoids, the facial and shoulder, 
girdle muscles, the muscles of the forcanna and hajids, and the 
quadriceps The affected muscles, nlicn examined microscopically, 
do not esiubit a diffuse and uniform atrophy of all fibres, some fibres 
remaining healthy. Alongside these are fibres aliouing the early signs 
of degeneration. These fibres .*110 often abnormally large. Their 
trans\crbe striations aro less than normally distinct^ and there is 
a proliferation of the nuclei of tlio sarcolcuinia. IVJicn degeneration 
is complete, musclo-fibrcs aro rejihiccd by connective tissue and fat, 
and there is n sclerosis of the blood-vessels. There is no ovidenco that 
the muscular atrophy is secondary to a lesion of the nervous system 
Atrophy of tJio tc.^tcs and ovaries is characteristic, and Adie and 
Greenfield (1923) have dc'seribed abuonnalitics in the pituitary and 
in the suprarenaU. 

Aetiology. 

Dystrophia in}*otonica is one of the most iiij stcrioiis of hereditary 
disorders, since as a rule cataract is the only abnormahty present 
in the family for several genenttions, until there is a sudden out* 
break, in one generation, of the dystrophic disturhanccs, subsequent 
generations being usually free from all symptoms of the disorder. 
Tlio disease appears to be csssentially degenerative, and there is evi- 
clcnco that its development is often associated with a decline of the 
social status of the affected famdy through several generations. It 
exhibits the phenomenon known as ‘anticipation’, since there is a 
tendency for symptoms to develop earlier m each successive genera- 
tion. It is transmitted by botli sexes, by both normal and affected 
individuals but males appear to be affected with the muscular 
dystrophy more frequently than females 

Though in respect of the muscular wasting dystrophia myotonica 
resembles otlicr forms of myopathy, the myotonia, or involuntary 
jicrsistcnce of muscular contraction after its voluntary initiation or 
after mcclianical or electrical stimulation is peculiar to this disonler 
and to myotonia congenita and myotonia acquisita. It is suggested 
that the site of this disturbance of function is at the myoneural 
junction, since it is intensified by acetyl-choline, and by prostigimn 
and potassium (Russell and Stedmau, 193C), and is diminished by 
quinine (Kennedy and Wolf, 1937). Brown and Harvey’s (1939) 
work, however, Indicates a primary muscular disorder. 

Symptoms. 

Symptoms of the fully developed form of the disorder first appear 
between the ages of 15 and 40, in most cases hetw ecn 20 and 30. but 
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may Ije fouiul in cliildhocul. In some cases pains in llie limbs occur 
in the earJ^’ stages. Usually miiscuiarwealmcss or inyotojiia is the 
first sjnnptom noticed by tb© patient. 

Mujcul/7r iVajlInif. 

Jluscular wasting is usually most conspicuous in the facial muscles, 
the stcmomasloida, u bich may bo completely atroiiliied, the muscles 



of the shoulder-girdle, of the forearms and hands, the cjuudriieps, 
and the muscles of the legs below the knees. Tlio wasted muscles 
are weak, and, as the btemoniastoids are usually be\crely affected, 
the |tatient may be unable to raise tbc head from the pilluw. The 
rate of development of the muscular atrophy is variable. It may bo 
rapid, widespread wasting devclojnng within aj car. Jlore frequently 
it is \cr}’ gradual and progrcasc-s (Jowly o%cr a number of years. 
Pscudo-bypcrtrophy is rare (Maas, 1937), abd fibrillation isabsciJl. 
The characteristic facies of rojolooia atrophica U printitsally the 
resuit of the muscular wasting (Fig. 73). Tlie face is exprc-saionltss 
and the fon-head is smooth; the eyelids often droop and the cheeks 
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are sunken. As in all tlie mjopathics, the imiscles whiclj retract tlie 
angles of the inoutlj are more severely affected than thoao ^^hich 
elevate and depress the lips. angles of the mouth are, therefore, 
little retracted in smiling Usually the muscular wasting begins 
syraiuetrically, but one side of the body may bo affected before the 
otlier, and the disorder may bo advanced in the limbs before the face 
is attacked. In atypical cases the sternomastoids facial muscles, 
supinators and small muscles of the hands may be normal (Maas, 
1037). The tendon reflexes are lost in the wasted muscles. 

Myotonia. 

The voluntary contraction of muscles exhibiting myotonia may 
itself be slow. The most characteristic feature, however, is a jiro- 
longed after-contraction of the affected muscles which persists after 
tho voluntary effort to contract the muscle lias ceased. Myotonia 
vanes in its distribution and in its severity from timo to time It is 
intensified by fatigue, emotion, and cold. It may be diminished, 
uninfluenced, or mtonslfied by re)>ct)tioi) of the movement It is 
usually most evident in the flexors of the fingers, so that the patient 
lias (liiRculty in relaxing his grasp. It may involve the facial and 
masticatory muscles, causing difficulty in eating. In tho legs it may 
interfere with walking and cause the patient to stuniblo or fall 
My otonia can often bo demonstrated aaa pereistent localized muscular 
contractioil which follows percussion of an affected muscle This 
is often well seen in tho muscles of tho thenar eminence and m the 
tongue. 

Electrical Ilcadiom. 

Various abnoriiiaJ electrical reactions have been described as charac- 
teristic of myotonia atrophica. Wasted mubolcs which exhibit no 
myotonia may show merely a reaction of degeneration. TIio presence 
of mj'otonia may lead to an after-contraction on both galvanic and 
faradic stimulation similar to that wliich follows voluntary con- 
traction. 

Other Dystrophic Symptoms. 

Cataract, as already described, is frequently associated with dys- 
trophia myolonica. It tends to develop at an increasingly early ago 
in successive generations preceding that in which muscular dystrophy 
occurs. At first it may not appear until old age. In subsequent 
generations it is prcscnilc. Individuals affected with muscular dys* 
(ro])hy often make no complaint of visual impairment and tlio c.i(a- 
ract is only discovered on examination. Sometimes, however, it is 
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may be found in cluldliood. In some cases pains in the limbs occur 
in the early stages. Usually muscular weakness or mjotonia is the 
first s} mptoiu noticed by the patient. 

J/iiscu7ar Ifa^/iny. 

Muscular wasting is usually most conspicuous in the facial muscles, 
the stemomastoids, which may be complcteli’ atrophied, the niuatlcs 



Fjo. 73. A case of Oyi>trDi>bi« mjetoiuca. (Kote tUo lO} o(^Uuc 
facics ual the vostiog of the Ktentomastoids.) 

of the shoulder-girdle, of the forearms and hands, the quadriceps, 
and the muscles of the legs below the knees. The wasted muscles 
are weak, and, as the fitemomastoids are usua)ly severely afiected, 
the patient may be unable to rai»e the head from tho pillow. The 
rate of derelopnieBt of the muscular atrophy is variable. It may be 
rapid, widespread wasting developing within a year. More frequently 
it is tery gradual and progresses slowly over a number of years. 
Fseudo-bypertrophy is rare (Maas, 1037), and fibnllation is absent. 
The characteristic facics of mjotonia atrophica is principally tho 
result of the muscular wasting (Fig. 73). Tlic face is espnssionless 
and the forehead is smooth ; the ejelids often droop and tiie cheeks 
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dro sunken. Aa in all tho inyopatliies, the muscles Avhich retract the 
angles of tlio mouth are more severely affected than those nliich 
elevate and depress tho lips. The angles of the mouth are, therefore, 
little retracted in smiling Usually tho muscular casting begins 
symmetrically, but one side of the body may be affected before the 
other, and the disorder may be advanced in the lioibs before the face 
is attacked. In atypical eases tho stcraomastoids facial muscles, 
supinators and small muscles of the hands may bo normal (Haas, 
1937). Tho tendon reflcAcs aro lost in the uasted muscles. 

Myotonia. 

The voluntary contraction of muscles oi.hibiting mj otonia may 
itself be slow The most chaiuoteristic feature, however, is a pro- 
longed after-contraction of the affected muscles which persists after 
tho voluntary effort to contract the muscle has ceased. Myotonia 
varies in its distribution and in its severity from time to time It is 
intensified by fatigue, emotion, and cold. It may bo diminislied, 
uninfluenced, or intensified by repetition of tlio movement. It la 
usually most evident m the ficicors of tho fingers, so that tho jMiicat 
has dilHculty in relaxing bis grasp. It may involve the facial and 
masticatory muscles, causing dilQculty in eating. In the legs it may 
interfere mth walking and cause the patient to stumble or fall 
otonia can often bo demonstrated asapersistent localized muscular 
contraction which follows jiercussion of an affected muscle This 
is often well seen in the muscles of the thenar cmuienco and in tho 
tongue. 

Electrical Reactions 

Various abnormal electrical reactions have beendeseribedas charac- 
teristic of myotonia atrophica Wasted muscles wliich exhibit no 
myotonia may show merely a reaction of d^neration Tho presence 
of mj otonia may lead to an aller-contraction on both galvanic and 
faradic stimulation similar to that which follows voluntary con- 
traction. 

Other Dyslrojihic Symptoins. 

Cataract, as already described, is frequently associated with dys- 
trophia myotonica. It tends to develop at an increasingly early age 
in successive generations preceding that in whicJi muscular dystrojJjy 
occurs. At first it may not appear until old age. In subsequent 
generations it is prcbciiilo. IntUviduals affected with muscular dys- 
trophy’ often make no complaint of visual impairment and the cata- 
ract IS only discovered on examination. Sometimes, however, it is 
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severe enough to lead to inarixcd visual failiuo. It takes the fonn of 
a star-shaped o|>acity starting in tlio posterior, and later affctling 
the anterior, cortical lamella. Thero may also 1» found pimttato 
opacities in other parts of the lens. Tlio cataract ripens fiuickly in 
both eyes. 

Atrophy of the testes and ovaries U usually juesent, leading in 
the male to loss of sexual dc^ro, impotence, and sterility, and in tho 
female to amenorrhoca. These symptoms <»ftcn do not ilcvclop until 
between 2.5 and 30. Other enclcuxiDo disturbances ckliicli may occur 
include adenoma of tho thyroid and diabetes mcllitu». Frontal bald* 
ness is usually present and is mure conspicuous in mates tiian in 
females. Various psychit.al abnormalities liavo bi-ou dcscrilx'd, hut 
there is no constant mental cli.ingc. Low intelligence and mental 
defect, however, are common in affcclctl families. 

Diagnosis, 

Tiie fully developed form of llic di^caso presents a uniipie clinic.vl 
picturo mUcIi renders diagnosis easy. Myotonia congenita bc>gins in 
early life and is not associated ^th muscular uastlng. if myotonia 
be absent v«hca tho patient U cxaminc«l, tho muhtion must bo dis* 
tinguUhcd from other forms of muscular dyhtropliy. Tho distinction 
is based upon tho later onset of d>‘b(rophiA no oConini, the character* 
istic distribution of tho muscular wasting, ccpcctally tho involvement 
of the stemomastoids, and tho prcs>cnco of siicli nsnociated sjiuptoins 
as cataract and impotence. Thodistnburi'on of wusling, the absencp 
of muscular fibrillatiou, and tho oxtra-imistulard.vvtrophic aymptoms 
distinguish tho condition from progressive muscular atrophy. 

Prognosis. 

As already mentioned, tho rate of ilcvclopracnt of the muscular 
wasting U very variable, but usually Iho condition progresses slowly 
over a period of 5 cars. Thougii tho patient gnulually becomes 
incapacitated he may live for many years, but usmiJIy suc-cumbs to 
an intercuirent iUnc&s during late middle life. 

Treatraent- 

Xo treatment that will arrest tho jirogrcss of tho disease is known. 
The patient should lead a quiet life and av old undue fatigue, but 
asm the case of all chronic maladies of tho nervous sj'stem he should 
be encouraged to remain at work as long as possible and evciy effort 
should be made to postpone the 6nal coi^nemcnt to bed. 

Mjotonia, if troublesome, may tw relieved by quinine hydro- 
chloride in a daily dose of from 10 to 30 graius. 
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• 7. MYOTONIA CONGENITA 
pion^m: Thomsen’s disease. 

ffuitlion: A rare hereditary disorder characterized hy prolonged 
3 contraction and retarded rcla.\ation of the muscles, vv hich occur 
I at the beginning of, and after, voluntary movement andfollo-w mg 
rical excitation. 

lology. 

has frequently been pointed out that myotonia congemta is 
ciated with large muscles, thougit (he associatiun is a complex 
as is shown by the pedigree of Rosett’s (1922) family, hi which, 
DUgh in the second and third generations myotonia occurred in 
I'iduals of exceptional muscular development, the latter chaxac- 
tic was inherited iixmi tho ooriual mate grandparent, white the 
tonia was derived from the femnlo grandparent, who was of 
iter build Jlicroscopically, the muscle-fibres are ahnornially largo 
exhibit poor transverse striations and an increase in tho sarco- 
uar nuclei, changes wliich recall tlio condition of the muscles in 
ido-hypertrophic muscular dystrophy'. Tho central nervous 
3m and peripheral nerves are iiormaL 

iology. 

lie disorder is usually hereditary, though sporadic c-ases may occur, 
sexes are affected with equal frequency, and tho abnormal factor 
ives in inlieritanco as a'iffendclian dominant. Thomsen (1870) 
self suffered from the disease, and its heredity in his family has 
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been investigated by hia great-Wpliew Nissen (1923), who lias re- 
ported examples in sesengeneratioas. TJiQnatiiroofthcjnyoloniais 
discussed on p. 789. Its causo is unknown. The term ‘horediUry 
param^otonia’has been applied to ahercditarydisordercharactcrized 
by the occurrence of m}otoni.r only when the sufferers are eximsoil 
to cold. It is uncertain whether this sliouhl bo reganJcil as identical 
with myotonia congenita. 

Symptoms.' 

Myotonia is frequently first obst^rved in cliiJdliood and U probably 
usually congenital, though it may not be notice<l until the patient 
has reachcd^adult life. Its est>cn(ial feature is a prolongation of 
muscular contraction with slow relaxation. This may follow volun- 
tary muscular contraction, for example, tlio patient after firmly 
grasping an object is unable to relax his hold. A similar after- 
contraction may follow mvoIunUuy' movement, for example, after 
sneezing, the eyes may remain closed, the erbi mlarea only > cry slow ly 
relaxing, ilore characteriatie, however, is the prolonged contraction 
of the muscles maintaining the existing posture, srhich is excited by 
the patient’s endeavour to change his attitude by making a move- 
ment. This has been described as 'intentioQ rigidity'. For example, 
the mjotonic cluld is the last member of the class to stand up, and 
if a myotonic indiridual stumbles, he is opt to become suddenly 
rigid and to fall, because ho is unable to save libu-sclf. Tlie myotonia 
may be generalized or locaUzod and is fnqucntly moat evident in 
the loirer limbs. During myotonia the muscles arc prominent and 
\'ery hard on palpation. An early symptom is (he inability of the 
patient to look upwards quickly, the attempt to do so causing the 
ocular muscles to fix the eyes rigidly iu a position of horizontal gaze. 
The severity of the disorder varies in different individuals, even in 
different members of the same family. In slight cases the £uticnt 
may be unaware that he is inj'otoiuc, and the nijotonia may be 
demonstrable only by special tests, ^fyotonia is always incrca-sed 
by exposure to cold. A myotonic muscle responds to percussion 
by a sharp local contraction, which relaxes very slowly’. Elcctncal 
stimulation, whether ^ritb the galvanic or with the furadic current, 
is followed by a prolonged muscular contraction, which develops 
more slowly than normally and is TCry slow in relaxing, tbeui}otomc 
contraction of Ecb. There is no muscular wasting, the reflexes are 
normal, and sensory abnormalities are absent. 

Although mental abnormalities have been described as occurring 
in families afiUcted ivith myolooia oongeniu, they form no essential 
part of the clinical picture. An interesting featiue of Rosett's family 
is the fact that although cyclothymia and myotonia were oasoeiated 
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in tlio KAiiip iuilivHlual in Iht* lirbt generation, tliey l)ccaino KqxaraliHl 
in tJio m'ikuhJ generation. 

Diai^nosis. 

Mjotoiiw congenita jh likely to W confuiietl only with other con- 
liitiuns cliiiracleri7eil by j)rotimge»i imisciilttr eontraclion This is a 
pniinim'Tit «>iiij>toni of il^thtrajiluA nuotoiiini. but in this diMwler 
U ii a.ssoiwtiii with mu>.««lar MiLsting, etiKTially of the sterno- 
m.i»toi'U ami (|u.-ulrkrji.«, ami with other lijiitrojihic bjmptoinH. 
esjR'cUlly catanul, wliirh may winr wtlier in uffceteil mtliVKlua]"* 
or in their wmt.stort Tonic jM-rseveration lii Ji jirolongation of 
mu.HcuI.ir ixintnu'tion mitiateil by xohiiitary movement, but » due 
to a di>turh.U)ei} of nerxotix imuliuii It follows a cerebral IcMoii 
which iiamdly intohex the froiit.il loU* and of which otiier xymidoiioi 
.iro iinvmit. Tho imiwidur rigidity a.H.sotmtcti with rarkiUHoiiisni 
and other extra-jiyruiimhil ayndromea ih rc.uliJy dintinguidiiH] froju 
inyotooM by tho faet th.it tt h etidem on ]xi4j<iie inowiiiait, uhde 
myotonia ia nut. 

Projinosis. 

Myotonia eongciula not bhorteii life 'Die aovinty of the 
myotonia lends to decre.irous the |uiient grtma older. 

Treatment. 

No euro ia known. Tho myotonia may U? rtho\tni by cjuinine 
bydrochloride in do-wa of from lO to IK) gminx a day. Vigorous 
earrciw, lliongh origujalJ.v reeoujineijdtHl by Tiioiuseji, apjwaru to 
do muro harm than good in many ease.4. 
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8. ir\\\bTHENU GKAVIS 

DtfiniUoif. A chronic disease witli a tendency to remissions and 
relapsca, characterized by abnonnal muscular fatiguabilitj-, vrhich 
may for a long time be confined to, or predominant in, an isolatcti 
group of muscles, and is later associated with jtermanent weakness 
of some muscles. Tlic fatigxiability is duo to a ibsonJcr of eomluction 
at the m3-Qneural junction, which can bo tcinporarilj’ reUove<l by 
plubostigmmc and similar ilrugs. It was first recognized bj* Wilks 
(1887) and described by uaino bj' Erb (1879). 

Pathology. 

The most constant pathologic.il ch.nigC3 in ini.nstheiiia gram are 
sQ-c.allc'd ‘lymphorrhages’ in the muscles. These are collections of 
small round cells resembling lymphocytes, ljung as a rule belwi'cn 
the muscle fibres, but somclitncs actually within tlio fibres. The 
muscle-fibres usually show slight degcaeratiio cliangcs, and tlicru 
may bo actual muscular atrophy. 'Lymphorth.agca' may bo fouiul 
in many muscles, including the myocardium. They are not always 
confined to musclos w hicit exhibit myasthenia. In tbo nervous system 
dcTcIopmcnbd abnormalities have occasionally been ob^er^'cd nnd 
abo chromatolysis of the ^nglion cells of the anterior horns, but 
these changes are slight and incoiu>tant. The thymus glandisenhirged 
in about SO ))cr C'cut. of cases. Tliis enlargement may ho duo to a 
malignant grow Ih but has sometimes been rcgardeil ns a hy*perplasia 
nitber than a ncoplubtu, and tbo mnlting tumour hns then heen 
callctl a benign thymoma. AbnormaUtics in other emlocrinc glands 
liavc occasionally biTn deMTiixd. Lymphoirh.igcs, fihrosis, and 
hyytcrplasia have been noted in tlio thyroid, and in ono ca*o tliero 
has been an adenoma in the pituitary. Lymphoirhogos Ituio nl«u 
been observed in lbcH>cr,i>uprarei)als, luilueys, lungs, und {uiicrcas. 

Aetiology. 

M j-astlicma gravis is u«uolly seen in adult life, most kv-kcs occurring 
between the ages of -0 and 00, but thoage of onset ranges from 10 to 
70. Females are affcctetl more frc{(uentiy than males. Itisiiotasa 
rule familial, but multiple eases m one family huic been de.scribe<l. 
The c-v^ential dUonlcr of function is an iuijmirmcnt of cuiiduetioii at 
the myoneural junction of striated muscles. Th!.-j is tcmjiorarily 
rtlieicd by physontigmlno and its analogue prustigmin, drugs whicli 
are known to act by inhibiting an enzyme, clioline-cstcraso which 
breaks down the acctyl-cliobno necessary* for the conduction of the 
ncrious imjiulbc* to tJic muscle, Choluio-i-stenisc is nut (m-scnt in 
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in tliu 1 >!(kh 1 in iii) astihcnia, ami (ho rxnct naturo of Uio iiiyo- 
npiirnl tUsonlcr ia tinknouii. 

Ihi(h pjiholriiic uikI ]K>(aM>ium uhich !tn|iro\o coiiductisity al tiiu 
iinotinun) jonriioii may U'nclU lutiontx uith nMastiioiiia. 

Tlicro nru many olw viritM“i nI**o in (he tnoro general aetiology It 
Iiii!4 IxH-n lieUl thatucuto iuf4'i(K>UB<U-<*(isca arc a lin‘<.i{iitatiiig cause, 
nml ihrro ia no douht that |)n'i>nAiioy* tuny inlliicneo thodevelopnient 
of myastlicnia, tho onset ol ultirh inuy follou itn-gnnney or l.ilvour 
Oil till’ ollirr hami, Juf/i n'jwrliil in uhieh of 

the iliHMse occurrxxl (limng wim-sstve jircgnanttcn. The Higintiianco 
of tho lyniyltorrliHgea in the tiuiHcIea tinil of Iho enlargement of tlio 
tlij mvi.^ n'i»ain>* ohxcure If the diseaMi ii iluc to hoiiie eiulotnno or 
general inetaliolio dj^furlMncc it h diflicult (o lInl{e^^tan<i why the 
tii.nnifcsMtiona of these ^ht>ul<l he confliicd, as (hey may ho, to one 
group of miLsilea for ninny ymni The ashonaiioii of myafithcnia 
graNW Mith oxophthahuie gintro has lieen obac-rxed Kniargemcnl of 
the thymus is a coniinou feature of many inei's of Ixxtii diponltrs 
DiminisiKst «iugar tolerance, with or without glycosuria, lias nbto 
Ixxn ohvjrxtsl not infreqiiently in in.xastlit'iiia gnivjs, tcigether 
with disturhnuro of nu'tnhoiisiu of i n'.ilinini* .ind rnatuie. hut thesu 
niayuell lie Uie resultn rather than the e.iu-e-s of the disease* of the 
niiincU’s. 

S>niptoms. 

The cardinal a) inptoni of iiiynstheniA gravis U nhnonnal muftcnlar 
fatiguahilit}’. This Is most ftvipiently ub'S-rxi't! tir^l in tho oruhir 
muftck'n. oflen it begim* in tho Imlbar muoclos and nomctunes 
it id gcnenilixcsl from tito bcginiimg. Thu onset is almust always 
gradual ami tho dhxMse shoira Hit characteristic fluettintious from 
the start. Vtosis of one nr b(»th upjirr lids is uiU-n tho first s^’inptoin 
and is mhui as.soci.i(ed with diplopU duo to (Kirul^tiis of one or more 
of tho ixteniul ocular miiMrles. Tlic:>o Bynijitoms chamtteristieally 
n{i{K‘ar in the v> cuing xxhen tho |u(ient is timi and disapjxiar after 
a night's rt>t. ^^1lcn the bullxir iiiuirclcs aro mvohixl, diiriciilty in 
swallowing is coinjilained of, again most evident In tho evening and 
often only developing in the eourissof i\ meal which tho ^laticnt begins 
to hw allow without any trouble. S{icec.li may become indistinct w hen 
the patient is tiaKl. 

On evajuMat/off iniUritcrnl or biUtt^l praxis is oflcit fount}. 
Weakness of tho external ocular muscles is uaymmetrical and may 
progress to complete extcroiil ophthalmoplegia of one or both ejes. 
Occasionally conj'iipato ocular movements appear to ho affbctcil, hut 
more often there is no functional relation.ship l«.‘t«een tho niu.sclcs 
involved in tho two eyes. Tarcais of accoimnoilution has been 
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descrilxxl. The pupillary reflexes are usually normal, but may bo 

sluj^h or exhibit fatigunbiUty. 

ilie facial muscles are almost always affected. Weaknc.s3 of the 
orbiculares oculi is perhaps the most constant sign of the disease. In 
the low er face the retractors of the angles of the moiitli tend to suffer 
more than the elevators and depressors of the lips, %rith the pro<luction 
of a characteristic snarling appearance on saving — the myasthenio 
smile. Weakness of the jawr muscles leads to difficulty in chewing, 
and weakness of the muscles of the soft palate, pharynx, tongue^ and 
larynx, to difficvdty in swallowing and in articulation. Speech be- 
comes slurred and hoarse, and the characteristic fatiguability may 
be demonstrated by asking the patient to count up to 50, during 
which speech becomes pr<^rea!avcly less distinct. Paresis of the 
palate often gives a nasal character to the sjiecch and may cause 
regurgitation of fluids through the nose on swallowing. Weakness 
of the neck muscles tends to cause the Lead to fall forwnrd. The 
upper limbs are usually more affected than the lotier: in severe cases 
the hands cannot be lifted to the mouth. Fatiguability of the muscles 
of the larynx and of the intercostals and diaphragm often leads to 
attacks of dyspnoea, w hich at first occur only after exertion and Inter 
even when the patient is at rest. Such an attack may prove fatal. 

Permanent paralysis sooner or later develops tn muscles which at 
first exhibit ody abnormal fatiguability. This U most often seen in 
the ocular and bulbar muscles. Muscular wasting, though rare, un> 
doubtedly occurs and is encountered in a small proportion of cases. 
It may be associated with fibrillation. 

The Jlyaslhenic Jleaction. 

Much stress has been laid upon the chango in the electrical n'sctlons 
of the muscles which may be observed in myasthenia gravis. It is 
found that during faradization ivith a tetanizing current the muscle 
gradually loses its power to respond, though it is stili capable of some 
voluntary movement. This exhaustion is not produced by the gal- 
vanic current. The myasthenic reaction is by no means constantly 
present in myasthenia gravis, but wrhen it occurs it may be obtained 
m muscles which do not exhibit fatiguability'. It has also been 
observed in other conditions, so that neither its presence nor its 
absence is of great diagnostic value. 

Sensory symptoms have occasionally been described in myastliem'a, 
the most important of these being generalized pains and feelings of 
muscufar stiffness. Psychical dhifurbanccs have aiso been recorded, 
but it is doubtful whether these should bo considered as symptoms 
of the disease rather than as psychotic reactions which may occur iu 
susceptibleindividuals who sro subject to a sei ere nen'ous disorder. 
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liejlcxes, 

Tho pupillary reHcxcs have already been described. The jialataJ 
rcllex and tho pharyngeal redox inay be diminished %\ hen tho palatal 
and pharyngeal muselca are the site of weakness. Tho tendon 
reflexes are usually normal, but may be diminished. Tliey sometimes 
exhibit fatigunbiJity, being norma] at first but diminishing and ulti- 
mately disappearing after a long scries of taps on the tendon. Tlio 
plantar reflexes aro flexor. 

Other Symptoms. 

Enlargement of tho thymus may bo demonstrable by percussion 
over tho upper jiart of tlie sternum or may bo evident on radiograpliy 
and slight iUltu.se enlargement of tho thyroid is by no means rare. 
Disturbances of sugar motabolisin are not uncommon. Diminished 
sugar tolerance, with or w ithout glycosuna, is tho commonest abnor- 
mality, but increased sugar tolemnco may occur. There is usually 
a diminution in tho excretion of creatinine in tho urine, often with an 
abnormal urinary excretion of cieatino. This disturbance of the 
crcatine-crcatiniiio ratio is attributed to defcctlvo muscular function 
Tho blood and ccrcbro-spinal fluid are normal. A piece of innsclo 
excised during life may show tho characteristic Ijinpliorrhages. 

Diagnosis. 

Tho diagnosU of ni^’nbthenia gravis does not giro rise to much 
difflculty iu typical cases if its cardinal features oro borne in miud, 
namely, muscular fatiguability incrcjising towards evening, relieved 
by rest and exliibiting a tendency to spontaneous remissions and 
relapses. Tho rapid aboUtiou of weaknass in J to I hour by an injec- 
tiou of 2*5 mg. of prostignu'n given with J/IOO gr. of atropine is of 
great diagnostic value. 

Progressive muscular atrophy, whether involving the limbs or the 
bulbar muscles, is distinguished by the proinmonco of muscular 
wasting and fibrillation in. tho clinical picture, and by the steadily 
I)rogrcssive course. In syringobulbia tlie characteristic sensory loss 
is present. Pseudo-bulbar palsy is oharacteriied by spasticity in the 
weak muscles, and is usually associated with signs of a pyramidal 
lesion in tho limbs. The muscular dystrophies aro distinguislied by 
tho couspicuDus wasting with its distribution characteristic of tho 
different forms. In encepfiah'tfa iethaig^ca there is usually a bktacy 
of sleep disturbance, pupillary abnormalities are common, and 
Parkinsonian symptoms may be Resent. A so-called 'myasthenic 
form’ of encephalitis Icthargica sometimes occurs and may be dUR- 
cult to distinguish from true myasthenia gravis. Diphtheritic poly- 
neuritis is distinguished by the history of diphtheria, the rapid onset 
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of Lulbar symptoms, and tlio frequent cocxiatcnco of paraljmi of 
aceommwiation and diminution or loss of the Iciidoii reilcxt^, 
espcciaUy in tlio legs. Disbcniinated t^Icrosia may lead to confusion, 
as it is a common cauic of transifiit diplopia. JnwjcJt caM-a, hov^ever, 
other signs, sucli as jviUor of the optic dieks, nystagmus, uliymt 
abdon\inal rfUcxcs, or extensor plantar responses, will j>robably bo 
found an<l jjtosis is very rare. XciiroM's is a not miconunon uiu-^c of 
fatiguabilit^', c«i»ccialJji* when it takes the form Hhi<Ii may npprw- 
jinately bo designatctl neurubthenia. Usually, however, neurotic 
symptoms are worse in the morning and tcnil to improve as the day 
goes on, in marked contrast with injosthenm. Moreover, neurotic 
fatiguabiiity does not lead to true p.traltibis of the upiKT lids or of the 
ocular, palatal, or pjiaryngta) niuselfs. TJio rayaj-thenie electrical 
reaction is absent in sucli cases. 

Prognosis. 

Tho course of m^a^thenm U extremely \.'uiahlc. Hio onset h 
usually gradual, and ocular Myinptonvi, such as pto'ts and di{>lopia, 
may recur at intervals over a jwriod of twenty or wore j ears w itfiout 
further sjTnptoins developing. Tlie outlook U best when tlio ocular 
muscles are first afTccted. Eteii when the bulbar and limb tmisclea 
ore involved striking remiaslons may occur and m.ay last for > cam, 
or tile patient may remain stationary for similar lung jwriods. 
OccaaionaUy tho di.seaso Mops short ut the neck, and severe ophthab 
moplegia and bulbar {laraljsis cocxivt vvitb nontuil ixiwcr in tho 
liznljs. On tho other hand, cases have Ixven rej>orted in vrhich the 
disease proved fatal in a few weeks. In the linal stages the jiaticnt 
becomes bedridden and much ciuaeiatcil owing to difficulty in chewing 
and swallowing. Attacks of dyspnoea occur and bei-omc itiercasaigly 
frequent. Death Usually results from broncho- pneuiuonia, or during 
an attack of d^ gpnoca, or from sudden caniiac failure, the mode of 
production of which is unexplained. 

Treatment. 

Complete rest U of great imporiance, and during an cxaccriiatioii 
the patient must bo kept in bed and cnrefully nursed in the hope 
that a remission will occur. During rcmUoIons fatigue must as far 
as posoible be aroided. 

Prostigmin renders those muscles bUU cap.vble of responding to it 
temporarily normal. The full subcutaneous doae is 2-a nig. given with 
J/JOO grain of atro/jine- The lanxinmni effect is jvodi«<d in about 
an hour and lasts for about six hours. In severe ca.scs full dasca arc 
required three or four timesa day and should lie given an hour before 
meals. In milder cases oral administration of a IS mg. tablet three 
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times a day is often sufRcicnt. Wljen tho ctFect of prostigmin passes 
off the patient may feel temporarily more fatigued. Potassium may 
be given either alone or as an adjovant to prostigmin m doses of 
4 to 6 gm. of the chloride six times a day in water. Ephedrine is 
also sometimes helpful either alone or with prostigmine. A dose of 
I gr. is given several times a day and increased if necessary 
Glycine may be tried in 15 gm doses twice a day. Anaesthetics 
and narcotics should be avoided. Much difliculty may be encountered 
in feeding the patient. This should be done by a nurse with a spoon, 
and caro must be taken that the pharyngeal muscle.? are given time 
to recover from fatigue after eacli mouthful Solid food should only 
be given if chewing docs not cause fatigue Exercises, massage, and 
all forms of electrical treatment probably do harm When the thymus 
gland is enlarged benefit may follow its irradiation with X-rays. 
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9. FAMILY PERIODIC PARALYSIS 

Df^w}(»o»: A hereditary disease of unknotm aetiology charac- 
terized by periodic attacks of Baccid inuaciilar paralysis, which 
develop abruptly and last from a fetv hours to tlirco or four days. 

Aetiology. 

The first case of family periodic paralysis seems to have been 
observed by Cavar^ (1803), and (be disorder was dcbcribed iti detail 
by Westphal and Oppenheun In 1885, its hereditary character being 
emphasized by Goldfiam ui the same year. Although sporadio cuises 
occur, iu Si per cent, of cases (be disease is iicreditary. Holtzapple 
has reported 17 cases in four generations of the same sib&hip. It is 
transmitted by both sexes, but males arc affected tw ico os frequently 
aa females. 

The cause of tho disorder is still incompletely understood. Though 
it has been regarded as nervous in origin, it is now thought to bo essen- 
tially a disorder of muscular function wbicb occurs independently of 
any ncr\*ous abnormality. In susceptible jiersons attacks can be 
precipitated by glucose, by imulm or both together, and sometimes 
by aienalin. Tliey are attendeil by a fail in (be potassium of the 
blood serum and by retention of potassium in the body, and arc at 
once reheved by a large dose of potassium. It lias been suggested 
(bat there is an abnormal demand for potassium in the muscles and 
it seems probable that muscles which arc inherently abnormal cease 
tofunction as a result of a teniporacy metabolic disturbance. Sjioradic 
cases arc encountered os a rare complication of tliyrotoxicosis. That 
family periodic paralysis may bo remotely related to the muscular 
dystropliies is suggested by the reported occurrence of muscular 
d^-stropby in relatives of patients uith the former disorder. Family 
jieriodio paralysis shows ccrUun points of rcseniblanco to migraine, as 
McLachlan has recently emphasued. Both may occur in tho same 
individuals or in the same aibdiip, as in Holtzapplo's family, and 
many of the precipitating causes of attacks are identical in the case 
of the two disorders. These includo exposure to cold, going witliout 
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a meal (Collier), indulgeiico in alcohol, constipatioji, meji&lniatioD, 
mental excitement, over-exertion, and fatigue. 

Pathology. 

Few autopsies have been made and no structural dbnorm,iIity has 
been found in the nen’oua system Riopsies liavo revealed slight 
changes in the muscles, for ex<tmple, degeneration ofstnated fibres 
and slight multiplication of the sarcolcmmar nuclei, but these may 
well bo secondary to the tbsoitlcr of function, rather than its cause 

Symptoms. 

The attacks may h^gin in childhootl, even as early as tjje age of 
5 or 6. More often they start .at puberty, and not uncommonly the 
onset is delayed until the age of 20 or 21 They almost alwaj's occur 
in the early morning, either while the patient is asleep or shortly 
after he awakens. They rarely take (ilaco during sleep in the day 
or when the patient is fully awake Prodromal symptoms, whicli arc 
not uncommon, iuclude excessive hunger and thirst on the previous 
day , sweating, dhtumshed salivation and feelings of stiffness, sirellmg 
or pain in the limbs or in the whole body, at tho time of onset of the 
attack, The [utient may awaken with these prodromal symptoms 
OP already partly or completely iwiralj'scd, and not uncommonly 
bathed in sweat. The paralysis usually reaches its maximum in 
about an hour. Tho muscles of the limbs arc ciiieily affected and the 
proximal muscles autfer more than tho distal, tlio fingers and toes 
rarely being completely paralysed The paralysis is usually sym- 
metrical and is sometimes confined to the lower limbs, less frequently 
to tho upper, but monoplegia and hemiplegia may occur (McLachkii). 
Tho muscles of the abdomen are usually affecteil, but the internal 
and external ocular muscles and tho bulbar muscles concerned in 
speech and swallowing usually escape. In severe cases tho respiratory 
muscles become weak and weaknessof expiration may render phona- 
tion, coughing, and sneezing impossible. The paralysed muaclca 
usually feel somewhat firm and are not hypotonic. Tho tendon 
reflexes are lost during the attack, and impairment of tho abdommal 
reflexes has also been described. The electrical excitability of the 
muscles both to faradio and to galvanic stimulation is usually lost 
during the attack. Consciousness ia preserved and sensibility’ remains 
normal. Cardiac dilatation and arrhythmia have been desenbed, 
and Janota and Weber have noted abnormalities in tho electro- 
cardiogram. Urine may not be passed during an attack w hicli lasts 
from twelve to twenty-four hours, but in longer attacks micturition 
occurs as the bladder becomes distended. Tho function of tho 
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sjiliiiictcrs U usually unim paired. Ocatinuria Uaa been obsenod, 

iiicrca~uig during attatJ»8. 

Tbo attacks last from a few tiours to tlircc or four (laj-a. The 
mu-fclcs first attacked are oaually Oie first to recover, and rveovery, 
V. hen once it begins, is rapid. Abortive attacks may occur, in i\ hich 
the prodromal si mptonis are not followed b3' p.iral^'sU. Some of 
llcLachlan’a patients found that they could abort an attack by 
'walking it off’. Patients who have Ixxtn subject to the disorder 
for many years may exhibit prnuanrat changes in the muscles, for 
example, loss of tendon reflexes and fibrous thickening, with or with- 
out paresis. There are great xariations in the frequenej’ of the attacks. 
They may occur every few daj-s, or t hey may ?« wiparated by intervals 
lasting several 3 cars. A patient of Kaufni&nii bad a t tacks ei er)’ four 
or fi\ e da3 s in the winter and every* four to six w ecks in the summer. 
The menstrual periodicit3' may determine the frctiucncy of the 
attacks. 

Diagnosis. 

There should he little difficulty in making a correct diagnosis in 
the familial enses. A sjioradio case may bo regarded as h38tcrica], 
but the loss of tendon reflexes and the electrical rhanges in the 
muscles are never found in b3>teria. ¥ami}y periodic iioTtily&is is 
distingubhed from cataplexy* by tho long duration of the tod.s of jiow cr, 
and from epilepsy by* the retention ofconsciousDc&s and tho abhencu 
of convulsions. The temporary* nature of tho paral36is distinguishes 
it frooi Laadr3'’8 par 3 l 3 'us, {>olioai3cli(is, and (ho various muscular 
d3*strophics. 

Prognosis. 

Death occasionally occurs during an nttack as a result of respira- 
tory paralysis, but tliis is except i0n.1I. Theattaeksusuuily'At tain their 
maximal severity betw cen tho ages of 20 and ? 0 , after which they (end 
to become sh'ghtcr and ultimatcl}' to disapjioar, though thc3* may 
contuiue to occur up to the age of oO or tiO. 

Treatment. ^ 

Proph) lactic treatment should follow the enme lincsasin migraine, 
and tho {laticnt should bo tn&tnictcd to avoid, as far as po!.sible, 
everything which U likely to precipitate an attack, twjiccmlly ex- 
posure to cold, cxccsniro consumption of sugar, fo-sting. anil 01 cr- 
exertion. Phenoburbitai ond bromide may poise.'S some propfi3 factio 
value. At the un.«ct ofan attack } 2 grm. of potassium chloride should 
be (riven by mouth. When attacks occur frequently sraalicx doics, 
such as 3 gm. ma3- be given regularly twice to four times a day. 
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Artificial respiration may bo required to tide tho patient over respira- 
tory paralysis and is best carried out by means of a Drinker or Bragg- 
Paul respirator. 
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10. MUSCULAR DISORDERS ASSOCIATED WITH 
THYROID DISEASE 

The relationship between tlio thyroid gland andtlie muscles is still 
Tcry little understood. That such a relationship exists, hotveter, is 
shown by the associa tion of disonlcrs of muscle with hyiiertliyroidisin 
and, less frequently, tnth bypothjToidism. 

1. Exophthalmic Ophthalmoplegia. 

Tho association of this sjudrouio with tlie thjToid is indirect It w 
a disorder which attacks males more often than females and is usually 
seen in middle life. It may arise si»ntaneously in which case it is 
usually accompanied by symptoms of hypertbyroiilisia \\ hich, how- 
ever, are not as a rule severe. Some of the most marked examples, 
how ever, have been observed after thyToidectoiny for hyperthyroid- 
ism in patients whoso basal metabolic rale has thus ^een rendered 
normal or even subnormal. Both exophthalmos and ophthalmo- 
plegia are secondary to changes in the orbital tissues producing 
extreme oedema. The extra-ocular muaeJes may be increased in 
diameter as much as nine times the normal and exhibit lynn- 
phocy tic infiltration which, if the condition is unrelieved, terminates 
in fibrosis. These changes cannot be explained as due to thyro- 
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toxicosis when this is present, but haTC been astribed to tha th> ro- 

tropic hormone of the anterior Jobe of the pituitary'. 



Fio. 74. J^zopblbalmic ophthalmoplegia. 


The syndrome is characterized by progressiva exophthalmos 
associated with ophthaliQople^a in one or both eyes. The iiHisclcs 
most often affected are the cxtemal recti and the elevators of the 
eyes The adductors and depressoraoftaieseape, but in severe cases 
there is bilateral total external ophthalmoplegia. Tlie muscular 
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weakness is uninHuciiced by pFostigiuin. Tlio pupillary reactions 
are always normal Tlie oyclids may be retracted, but ptosis is com- 
moner Tlio conjunctiva is ocdeinatous ami in severe cases proli- 
ferates bcj'ond tlie outer margins of the eyelids (Fig 74). The cornea 
may ulcerate. I’apiUocdema going on to optic atrophy is occasionally 
seen. 

The thjToid may be slightly enlarged, but often is not visibly or 
paljubly so Tremor and tachycardia are slight or absent. There is 
usually little lo^s of ueight and the basal metabolic rate is little, if 
at all, above normal. 

Mcilical treatment is usually uiiavaUtng, though benefit has been 
stated to follow tu.issive doses of thyroid, extr.uit. If the sight is 
threatened cither by comeal damage or by optic afrojiby the opera- 
tion of orbital decompression by the transfiontal route should bo 
I>crformcd. 

2. Acute Thyrotoxic Myopathy. 

This ia a very rare condition m which in addition to the general 
symptoms of a sevoro thyrotoxicosia, exojilithnlmoa, and ophthalmo- 
plegia there is a rapidly developing bulbar palsy, with paralysis of the 
nnisclcs of mastic.Uion, expression, and deglutition and generalized 
weakness of the limbs Death always occurs, usually within a week 
or two of tlio onset of the bulbar symptoms. 

3. Chronic Thyrotoxic Myopathy. 

The fatigiiability common in thiTotoxicosis is a symptom of dis- 
ordered muscular function which m more severe cases leads to the 
insidious development of muscular wasting and weakness Ophthal- 
moplegia is usually absent and chronic bulbar palsy is also rare As 
a rule the muscular weakness and wasting are limited to the muscles 
of the trunk and limbs, their distribution is symmetrical, and the 
muscles of the shoulder-ginllo and pelvic girdle are often more con- 
spicuously affected than the peripheral muscles of the limbs Coarso 
muscular fibrillation may bo seen, and the tendon reflexes are 
dimimshed or lost. Creatinuria is usually present. 

Little is known about the jiathological changes in the muscles, but 
lymphocytic uifiltratioii similar to the lynipborrhages seen in myas- 
thenia gravis has been described. Tlio prognosis is good, complete 
recovery usually occurring rapidly after thyroidectomy. 

4. Thyrotoxic Periodic Paralysis. 

Symptoms indistinguishable from those of periodic paralysis have 
been reported in association wath thyrotoxicosis in a few cases. I have 
seen one example of this. The prognosis is good, the symptoms 
disappearing after th 3 Toidectomy. 
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5. Myasthenia Gravis Associated »ith Thyrotoxicosis, 

The association of tbeso two disorders is not extremely rare. The 
symptoms of both are tj'pical and the myasthenia is temporarily 
diminbhed or abolished by prostigmin. It ma}’ bo uninfluenced by 
thyroidectomy. 

6. Myotonia Complicating Hypothyroidism. 

A small number of cases have been dcscribcrl in Hlitcli m^votonia 
has been associated mtiimyxocdeina. Crampsoicurrctl in the muscles 
which became very hard and on jicreussion exhibited localized con- 
traction. This association is unexplained. 
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CHAPTER XVIII 

DISORDERS OF THE AUTONOMIC NERVOUS SYSTEM 


1. THE AUTONOmC NERVOUS SYSTEM 
Tnn ‘ autonomic ’ or ‘ vegetative nervous system ’ is the term applied to 
that part of the nervous sj'stem which is concerned in the innervation 
of unstriatod muscle and many of the secretory glands. Physiologi- 
cally it is divisible into two ]>arta — the sympathetic and tho p,ira- 
sympathetic, which to a largo extent arc mutually antagonistic in 
function and which employ anatooiically^parate pathways. 


Anatomy or tde Autonomic Peritheral Nerves 

In the case of both the sympathetic and tho parasympathetic 
nerves two neurones intervene between the central nervous system 
and tho hmervated viscus, tho efferent path bemg interrupted at 
a ganglion The first neurone, which runs between tho nervous 
system and the ganglion, is termed preganglionic. Tho second 
neurone, which runs from the ganglion to tho viscus, is termed 
post-ganglionic. 

Sympathetic Fibres. 

Efferent PaUis. 

The sympathetic outfiow from the central uervous system is 
limited to the region of tiio spinal cord iying between the first dorsal 
and the first lumbar segments inclusive. 

PregatigUonic Fibres. The progangJionio neurones are ganglion 
cells situated in tho lateral horn of tho grey matter of tho spinal 
cord between these levels. Tlie axones of these ganglion cells leave 
the spinal cord by the corresponding anterior roots, from wliicb they 
pass to the corresponding ganglia of the syrajiathctio chain. Tho 
preganglionic fibres are mcdullated, and the root by which they 
pass from the anterior root to tho sympathetic ganglion is known 
as a white ramus. Arrived at the sympathetic ganglion, some pre- 
ganglionic fibres terminate in tho gai^lion corresponding to tho 
segment at wliich they leave the cord. Others pass upwards or 
do^vnwa^d3 in the sympathetic chain, to tcrniuiate in ganglia above 
or below. Others again pass through tho ganglia of tho syrmpatbetic 
chain emerging by special nerves, to terminate in more peripheral 
ganglia, the collateral sympathetic ganglia, or sympathetic plexuses, 
which are usii.ally situated in doserelationsbjp with the blood-vessels 
supplying the principal viscera. Tho most important of such nerves 
arc the sjfiancbnio nerves. TIio greater splanchnic nerve is derived 
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from the ganglia of the sjmpathcfic chain, from the fifth to the 
ninth or tenth dorsal segments, nnd runs to the coeliac plexus; tho 
lesser splanclmic nerre, from the tenth and eleventh dorsal ganglia, 
goes to the aortfco-renal plexus, and the least si)Iancfuuc nerve, from 
the eleventh dorsal ganghon, to the renal plexus. 

The Sympathetic Chain. TJiC sympatlietic chain, which hes close 
to the vertebral column on cither side, consists of a scries of s^iii* 
pathetic ganglia possessing for tho most part a segmental arrange- 
ment, linked together by sympathetic fibres. There are three cervical 
ganglia — superior, middle, and inferior — eleven dorsal, four lumbar, 
and four sacral ganglia, all paired, together with one unpiired coc- 
cygeal ganglion. Although all the pr^anghonic fibres emerge from 
the dorsal and first lumbar segments of tho coni, by means of tho sym- 
pathetic cham the}' are brought into relationship with spinal ncr\*cs 
throughout the w hole length of the vertebral column, 

Po$i-ganglionic Fibres. Tho post-ganglionic sj'inpathetic fibres are 
non-meduUated. Some arise from ganglion cells in each of the ganglia 
of the Bjinpathetie chain and pass to tho corresponding spinal nervo 
by a grey ramus, to bo distributed to tho tissues innervated by this 
nerve. Other post-ganglionic fibres take origin in collateral ganglia 
and pa&s to tho various viscera. 

Afferent Paths. 

Afferent s^'nipathctio fibres, both mctluliated und non-mudullated, 
enter tho nervous system by tho posterior roots at all levels, having 
their ganglion cells in the {posterior root ganglia. 

Parasympathetic Fibres. 

The parasj’nipathetic is also known os (ho cranio-bacnii autonomic 
nervous system because its outflow is situated in tho cranial and 
sacral regions. Unlike the sympathetic b^'stem, the ganglia of the 
parasympathetic are situated in the immediate neigbbourliood of 
the innervated viscera. Thus the preganglionic fibres are long and 
the post-ganglioaic short. Tho principal preganglionic fibres of Uio 
cranial parasympathetic pass tluoiigh the third nerve to the ciliary' 
ganglion, through the seventh to the geniculate, sphcno-palatine, 
submaxiUary, and otic ganglia, through tho ninth to the oticgauglion, 
and through the vagus to the ganglia of tho thoracic and abdominal 
viscera supplied by this nerve. The vagus is the ivo^t important 
parasympathetic nerve. Its dorsal motor nucleus is the site of origin 
of the fibres which innervate the viscciu it supplies. The s-acral 
autonomic outflow is derived from the second and third sacral seg- 
ments, and passes to the veacal plexus by the nervi crigentes. The 
pinnapal afferent fibres of the parasympathetic reach tho central 
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nervous system tlirough tho vagus nerve, having their ganglion cells 
ill tho ganglion nodosum of that nerve. 

PhysiolojJy. 

The physiology’ of the autonomic nervous system in respect of 
various organs is consiclcrcil below. Certain generalizations whicii 
have been made conccniing the functions of the sympathetic and tho 
p.irasyinjiatlietic and their mutual antagonism must bo mentioned 

The sympat hetio dilates tho pupil, u idens the palpebral fissure, and 
in animals causes proplosis , it increases the rate of tho heart and tlie 
conductivity of tlie auriculo-ventricular bundle; it constricts most 
blood-vessela, especially’ those of the skin and of the splanchnic 
viscera, but dilates tho coronary arteries and causes contraction of 
the spleen , it thus causes a rise of blood-pressure and an increased 
blood-flow, esjiecially through the heart, lungs, brain, and muscles , 
it inhibits peristalsis in tho alimentary canal and promotes contrac- 
tion of somo at least of tho ephinclcrs : il is inhibitory to the detrusor 
muscles of the bladder and is motor to tho sphincter ; it causes erection 
of tho hairs of the skin and su eating; it excites the secretion of 
adrenalino, which, by stimulating thosyiupathetio ncrvc'endiiigs, m 
turn reinforces sy’in pathetic action and also raises the blood-sugar by 
liberating sugar from the liver. 

Tho parasympathetic, on the other hand, constricts the pupil, 
retards tho heart and diminishes conductivity in the auriculo- 
ventricular bundle, dilates tbo blood •vcs^els, nt least in certain 
situations, constricts tho bronchioles, oxcites the secretion of saliva, 
promotes 2’<^Hsta]sis and inhibits the action of some at least of the 
alimentary sphincters, promotes contraction of the bladder and 
relaxation of its s])hinctcr, through the nervi erigentes plays the 
principal part in sexual activity, and excites secretion of insulin, 
nhich lowers the blood-sugar. 

The antagonism between tho eympatbetio and the parasympathetic 
has been stressed especially by Camion, who points out that the 
changes produced by sympathetic stimulation are an appropriate 
jireparation for violent activity. Tho sympathetic has thus been 
described as an activator for flight or fight, while tho parasympathetic 
presides over anabolic, excretory, and reproductive activities. This 
is a suggestive generalization, though in some respects it over- 
sinipliflea the facts. 

Pharmacology. 

Numerous drugs uifluence the autonomic nervous system, though 
their action is often not strictly selective of either the sympathetic 
or tho jiarasympathetic. 
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AJrenali;ie3UgmeaUtl)0 action of the sympathetic by stimulating 
its nerve-endings. In verysmaUdoaes, however, adrenaline may pro- 
duce vasodilatation instead of vasoconstriction. Ephedrint has a 
similar action to adrenaline, which has been attributed in part to its 
diminishing the removal of adrenaline. Erjotoxlnt an<l ergolamine 
inhibit the normal effects of adrenaline. The action of these drugs, 
bow ever, is often alight. PilocarjaHe pro*luces the effects of stimula- 
tion of the parasympathetic, but in additioit umses s%\ eating, uhich 
is excited fay the sympathetic. Acctyl-choline also stimulates the para- 
sympathetic, and physoiligmine (c&erinc) and pmstlgynin produce a 
smularresultbyinhibitingthebrcakdoniiofucetyl-cbolinc. Atropine 
paral^-sea the parasympatheticandatthosametiuicinhibita sweating. 
Ntco/iite acts u[)on the autonomic gaii^'on cells. In small doses it 
causes stimulation of both symp.ithetic and parnsym|)athctio; in 
large doses paralyses both. 

Methods or I>vesticatiso the Actonomio NEB^ous System 

The investigation of the autoiiouuc nervous system may be neces- 
sary when this port of the nervous system is itself the site of cUseaso 
or as an accessory method of localizing le^ions of the central nervous 
system. The functions of the autonomic ucr\’oas system ore at present 
investigated almost exclusively in respect o£ its inllucnco upon the 
skin, especially upon (I) the smooth rau»c]esof the skin, (2) its blood- 
vessels, and (3) sweating. 

(1) The Pilomotor ReQex. 

Stimulation of the sympathetic dhres innerv.ittng the skin causes 
erection of the hairs and the formation of goa-,c-iIe.di as a result of 
contraction of the cutaneous smooth muscles. These phenomena, 
known as the pilomotor reflex, can be elicited as a local reaction which 
is the normal response to a stimulus of loodeiatc intensity, for ex- 
ample, a scratch with a pin. A more massive stimulus, however, for 
example, pinching the cervical region, tickling or sera tching the axilla, 
or the application of cold, by means of a block of ico or u ool soaked 
m ether, to the axilLi or to the abdominal wall, is follouc-d by a pOo- 
motor response which extends to the whole of the same half of the 
body. The pilomotor reflex takes from a quarter to half a minute to 
develop and persists for a minute or tuo. 

(2) Vasomotor Reactions. 

Stimulation of the syinpatbetic causes constriction of tbe cutane- 
ous blood-vessels and these are normally maintained in a state of 
tonic partial contraction by the sympathetic. Interruption of tho 
sympathetic fibres to the skin, therefore, leails to va.oodilatation and 
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flushing, as a result of ^hich the temperature of the denervated area 
becomes Iiiglier than that of the concapouding area on the normal 
side, and after both local and general exposure to cold the tempera- 
ture of this area falls more slowly and rises more rapidly than norm- 
ally. The differences of temperature involved are often small and 
require special methods of thCTmoraetry for their determination, for 
eiample, the use of a tliermo-couple or of a platinum-resistance skin 
thermometer. To estimate the part played by the sympathetic in 
disorders characterized by ischaemia of the extremities the mfluence 
of the Bjunpathetio may be temporarily removed by blocking the 
peripheral nerves with novocain, or, in the case of the lower limbs, 
by spinal anaesthesia, the cutaneous temperature being recorded 
before and after this procedure. 

Dtrmo-graphism. Tlie response of the skin to light pressure is local 
blanching, a duect constrictor reaction of the local capillaries A 
more vigorous stiniulua, such as firm scratching, evokes a triple 
reaction (Lewis)' (1) a local red reaction along the Ime of pressure, 

(2) a spreading flush or ‘flare’, developing after an interval of about 
half a minute and extending usually from one to throo eentimotres 
on either side of the scratch, and (3) in susceptible persons, or after 
a very vigorous stimulus, a wheal. The red line (1) occurs indepen* 
dcntly of the nervous eptem, but the fl(iro depends upon an axone 
reflex utilizing the cutaneous sensory nerves, and disappearing when 
these have degenerated It is to soiuo extent antagonized by the 
vasoconstrictor influence of the sympathetic, and tends to be ex* 
aggerated over areas in which the influence of the sjunpathetio is 
diminished. 

(3) Sweating. 

Sweating can be elicited reflexly in lesponso to cutaneous stimuli 
to a variable extent in normal individuals. It is best investigated by 
exposing the patient to radiant heat, by the administration of 20 
grains of aspirin, or by the injection of 1/Cth to l/3rd of a grain of 
pilocarpine nitrate in 1 c.c. of water. Pl-ofiiso sweating is readily 
seen, but to detect slight amounts it is necessary to apply a strip of 
filter paper dipped in an alcoholic solution of cobalt blue and well 
dried. This turns pink when moistened with sweat. Sweating is 
absent over cutaneous areas to which the pen’phcrai sjunpatfictic 
nerve-supply has been interrupted. 

Lesions or the Pebifheral SvairATiiETio Nerves 

The extent of an area of peripheral sympathetic denervation is 
detected by the absence of tho pilomotor reflex and of s» eating, and 
by the piescnco of tho tcmiicrature changes already described. 
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2. DISTURBANCES OF THE FUNCTIONS OF THE AUTO- 
NOlUC NERVOUS SYSTEM AFTER LESIONS OF 
THE SPINAL CORD 

The difference in the distribution of the s^TUiathetic.and somatic 
nervous outflow from the spinal cord accounts for tlio occurrence 
in many cases of a difference in the distribution of the sjTiipathetic 
and somatic (motor and sensory) disturbances uRcr lesions of the 
spmal cord. Since the sympathetic outflon to the whole body 
leaves the cord below the eighth cervical spinal segment, lesions at 
and above this level may cause a dislurbanco of sympathetic function 
over the whole body, though the motor and sensory innervation of 
the head and neck and of a part of the upper limbs remains undis- 
turbed. At the mid-dorsat level of (he coni Che upper Icscls of 
the sympathetic and somatic disturbances approximately coincide. 
When the lesion of the cord is situatol below the first lumbar spinal 
segment the somatic mnervation is alono affected, the sympathetic 
outflow leaving the cord entirely above the lesion. The folloirmg 
disturbances of sympathetic hinctioo are found in cases of complete 
traosection of the cord and in cases of less severe lesions uh!ch 
interrupt the iotraspioal paths of the a^-mpatbetic. The pilomotor 
reflex elicited by a massive stimulus applied to the skin above the 
level of the lesion does not extend to areas innervated by parts of 
the cord below the lesion, but the reflex is excitable from these 
regions after the disappearance of spinal shock. The cutaneous 
temperature over the paralysed parts is higher than over normal 
parts of the body and vasoconstriction in rcspon.se to exposure of the 
u hole body to cold is diminished below the level of tbe lesion. Dermo- 
graphism is di minis hed at the level of the lesion but usually some- 
what increased below, (Sec also section on Compression of the Spinal 
Cord, p. 628.) 

Sweating. 

Excesvsive sweating usually appears after complete division of the 
spinal cord over parts of tbe boily uhichare thus sejwutitcd from the 
control of higher autonomic centres. Such sweating develojia ^ri 
jmsu uvth the recovery of other reflex functions in the dividwl cord. 
It varies in mtensity from time to time and may be reflcxl}* excited 
by cutaneous stimuli, flexor spasms of the lower limbs, distension of 
tbe bladder, and exposure to beat. 

Disturbances of sweating are rarely obscn-cd after partial lesions 
of the spinal cord, except in syrii^mjclia. In this disease loss of 
sweating may occur when the sympathetic ganglion cells in the 
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lateral honis of grey matter are destroyed, and is most often seen 
over the face ami upper hmb. Excessive sweating with a similar 
distribution may, Jionever, occur, sometimes spontaneously and 
sometimes being excited reflexly when the patient takes hot or 
highly seasoned food. 


3. THE AUTONOXUC NERVOUS SYSTE.M AND PAIN 
Referred Pain. 

Since most viscera are innervated only by the autonomic nervous 
system, it follows that the sensation of visceral p.im must be medi- 
ated by afferent autonomic fibres. The most potent cause of visceral 
pain is an increase in tho tension of tho vtscus. Visceral pam is a 
diffuse and poorly localized sensation and is fiequently associated 
with jiahi referred to, anil tenderness of, tho supcrficul tissues of 
tho body over an area which is umervated by tho same segments 
of tho nervous syatem as the pauiful viscus. The physiological 
explanation of referred pain is uncertain, but it may bo due to a 
heightened excitability of tho central fibres concerned in pain-con- 
duction, which receive iropulscs from the segments innervating the 
viscus. Since most visceta receive a double nerve-supply, both 
sympathetic and parasympathetic, both of which may conduct pain- 
ful impulses, a visceral lesion, as Head sliowcd, may bo associated 
w ith tw 0 areas of referred pain. Tho area of reference corresponding 
to innervation through tho sympathetic nervous system involves 
ono or more spinal segments. When tho viscus is also innervated by 
the vagus, the area of refer/cd pain is found within the distribution 
of the trigeminal or upper cervical areas w Inch constitute tho somatic 
sensory distribution corresponding to the vagus. Individuals differ 
greatly in their susceptibihty to referred pam and the extent of tho 
area of reference varies from time to time in tho same individual in 
correspondence with the state of tho viscus. One of tho commonest 
examples of refenvd pain is that associated with disease of tlie 
coroiiaiy arteries, such as occurs in angina pectoris. In angina, pam 
is ubually referred into the third, fourth, and fifth cervical and first, 
second, and third dorsal segments on the left side and often into tho 
same or a somew hat similar area on tho right side. The corrcsjiond- 
ing area in the trigemiiiai disinhution extends on to tiie forcfiead 
and cheek around the eyes. 

Segmental Areas corresponding to the Viscera. 

Pain from diseases of the eyes, nasal sinuses, middle car, teeth, 
tongue, tonsils, and larynx is referred mto areas within the dlstnbu- 
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tion of the trigeminal anti uppts cervical uen'es. The following aro 
the spinal segments into which pain is referred in diseases of the 
thoracic and abdominal viscera (Head): 


riscMS 

Lungs 

Heart 

Oesophagus 

Breast 

Stomach 

Intestme 

Liver 

Gall bladder 
Kidney 

Ureter 

TestU 

Epididymis - 
Bladder 

Prostate 

Ovary 

Fallopian tubes 
Uterine cervix 
Uterine body 


Spinal Segmenis 
1-7 dorsal, mostly 2-5 dorsal 
S-5 cervieil, 1-8 dorsal, pretlominanlly on 
left side, sometimes bilateral 
mainly 5 dorsal, also 6, 7, and 8 dorsal 
4 and 5 dorsal 

7, 8, and D dorsal, usually bilateral 
9-12 dorsal, bilateral or on left side only 
S-IO dorsal on right side 
mostly 8 aiul 9 dorsal, also 5-7 
mostly 10 dorsal, also 11 and 12 dorsal and 
1 lumbar 

11 and 12 dorsal and 1 lumbar 

10 dorsal 

11 and 12 dorsal 

11 and 12 dorsal and 1 lumbar, also 3 and 4 
sacral 

10 and 11 dorsal, also 1-3 and 5 sacml 

10 dorsal 

12 and 12 dorsal 

11 and 12 dorsal and 1-4 sacral 
10 dorsal to 1 lutobar. 


The following arc the principal areas of referred pain on the scalp 
correspondmg to spinal segmental areas of reference: 


Cervical 3 and 4 
Dorsal 2 and 3 
Dorsal 5 and 6 
Dorsal 7 


Fronto- nasal 
31Id-orbitaI 
Fronto-lcmporal 
Temporal 


Dorsal 8 Vertical 
Dorsal 9 Parietal 
Dorsal 10 Occipital 


The autonomic ner^'ous system sometimes provides an altcmati\ e 
path for painful sensations from areas deprived of their somatic 
sensory nerves. When pain can bo evoked in such circumstances the 
pamful impulse is probably ccmductcd to the central nervous system 
by the autonomic nerves supplymg the blood-vessels. Autonomic 
painful imptdses have been held responsible for some forms of neural- 
gia, e^pecially in the face, bnt tbo interruption of the cervical S3in- 
pathetic in such conditions has yielded uncertain results. 
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4. AUTONOMIC AND METABOLIC CENTRES 
iVnatomy, 

Recent researches have al»ow n that the autonomic nervous sj stem 
.iiid many metabolic ftirictions ate under the control of nerve-centres, 
many of M Inch are situated in tlio hypotlialaimts. This is the icgion 
of the hrain lying \ entrally to tho thalamus and constituting the floor 
of tho third ventricle. Tho most important part of tho hypothalamus 
is tho tuber ciuereuiu, Mhicli forms part of the floor of the third 
ventricle and extends from tho optio chtasnia anteriorly to the 
corpora mamillaria behind. In tho centre of tho tuber is tho infundi- 
hulum, from ivhich rises tho stalk of tho pituitary body. The hyiio- 
thalamus contains a large number of scattered ganglion cells, w hich 
have been differentiated into a number of nuclei. The nuclei them- 
selves are arranged in tlireo groups an<l there is some evideuco that 
a functional differentiation corresponds to this anatomical arrange- 
lucut, Tho follow iug arc tbo principal nuclei of the prooptio area and 
tho hypothalamus (Lo Gros Clark, 1938): 

Preoptio Ana . . Medial Preoptic nucleus. 

Lateral Prooptio nucleus. 

HypotJjalamus— 

Pars Supraoplica 

Hypothalami . Nucleus Supraopticus. 

Nucleus Paravcntricnlaris. 

Nucleus Suprachiasmaticus. 

Nucleus Hypothalamicus Anterior. 
pan Tuberalia 

Hypothalami . Nucleus Hypothalamicus Dorsomedialis. 

Nucleus Ilypotbalaniicus Ventromedialis. 

Nucleus Arcuatus. 

Nucleus Hypothalamicus Lateralis 
Nucleus Hypothalamicus Posterior. 

Para Mamillaria 

Ilypolhalami . Nucleus Mamillaris iledialis. 

Nucitms MaoiUlaris Latoralis. 

Nucleus Intercalatus. 

Nucleus Bremanullaris. 

Nucleus Supramamillaris. 

The projections of tho hypotbalamusare not yet completely knowm. 
The following tracts, however, are probably of special importance. 
Fioin tho supraoptic nucleus arises a tract which terminates in the 
' 3o 



SIS DISORDERS OP THE AUTOXOJUC JJERVOUS SYSTEil 
para intermedia and the para posterior of the pituitary. The fornix 
system runs from the hippocampus to the niainillarj' region and the 
laamiUo-tbalamic tract (bundle of V'icq d’Az^t) runs from the 
mamillary body to the anterior nucleus of the thalamus. Tliere are 
also both efferent and afferent tracts running betu cen the mamillary 
body and the mid-braln. 

The hypothalamus is tidily supplied antb blood from the ressels 
of the circle of Willis. 

The Functions of the Hypothalamus. 

The functions of the hypothalamus have been investigated by 
means of stimulation and experimental lesions. The posterior and 
lateral hypothalamus is an iinport.inl centre for the activity of 
the sjTiipatbetic nervous system. Stimulation of the posterior hj'po. 
thalamus causes an increase of the heart-rate, rise of blootl-pressure, 
dilatation of the pupil, erection of the hair, and inhibition of move- 
ments of llio gut and of the tone of the bladder. Tiio nuclei of the 
posterior hypothalamus are also responsible for the massive reaction 
knoimas 'sham rage’ irbich occurs in animals uben tliia region has 
been released from Jiigber control. 

The nuclei of the tuber, on the other hand, npi>ear to bo concerned 
udth the functions of the parasj’niiiathetic. Stimulation of tills region 
causes slouing of the hcart-rato and increase in the auriculo%entri> 
cular conductiou tune. There is also an increase In the jieristaltio 
movements of the stomach and of the tone of the bladder. I^esions 
of this region may cause haemorrhage eixsions of tho mucosa of the 
body of the stomach, .^drposo-gcnital d^’sfrophy, characterized bj' 
great obesity and gcmtal atrophy, may be produced by experimental 
lesions of the tuber. 

The anterior group of nuclei are of interest in reUtion to water 
metabolism. Diabetes insipidus, which since the work of Camus and 
Boussy and Bailey and Bremer has been known to follow lesions of 
the hypothalamus, Is now reganled as the result of damage to the 
supraoptic nuclei uhich are linked with (ho pituitary os described 
abo\e. .^fter lesions of these nuclei the posterior lobo of the ptui- 
tary degenerates. It is believed that this causes tho withdrawal 
from the circulation of on anlitUureUc pituitarj* hormone the action 
of which is po&sibly central, ie. upon one or other of tho tuber 
nuclei (Biggart, 103g). There are siiU obscurities, however, in the 
causation of diabetes insipidus, especially with regard to tho role of 
the anterior lobo of the pituitary, tho presence of which is bebuN'cd to 
be necessary in order that polyuria may occur. 

TIic hypothalamus is also ooncemed with the regulation of tho 
tciiipcnituro of the body in which shivering, sweating, vaso-coustric- 
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tion, and raso-dilatation as Tiell as othpr factors play a part. The 
role of the liypothakmus in carbohydrate metabolism is not com- 
pletely understood, but glycosuria, which is usually transitory, may 
follow lesions of this region. The hypothalamus is also concerned 
in sleep regulation (see p. 826). 

5. SYNDROMES OF THE HYPOTHALAMUS 

1. Diencephalic Autonomic Epilepsy. 

Penfield has employed tins term to describe attacks of disturbance 
of the function of the autonomic nervous system, nhich apxiear to 
be duo to neural discharge from centres in the hypothalamus In 
Penficld’a patient, after a prodrom.al phase of restlessness, there 
was flushing of the skin of the face, together with a rise of blood- 
pressure, lacrimation, sneating, sahration, dilatation or contraction 
of the pupils, protrusion of the eyeballs, increase in the pulse»rate, 
retardation of the respiratory rote, and in some attacks loss of con- 
sciousness; hiccup occurted towards the end of the attack. This 
patient had a tumour of the third ventricle with internal hydro- 
cephalus. Similar attacks occurred in a patient of my own in whom 
tho lesion was a tumour of the left hemisphero which had extensively 
invaded tho mid-brain. 

The ‘vaso-vagal’ attacks of Gowers appear olso to bo pnro.xyamal 
discharges of the autonomic nervous system. 

2. Adiposity. 

Adiposity, which is generally associated with geniul hypoplasia 
or atrophy, may occur as a symptom of a variety of pathological 
states involving either tho by[)othalamus or the pituitary, or both 
of these structures. 

(i) Chromophobe adenoma of the piluUary may produce it (seo 
p. 255). 

(li) Suprapituttarp tumour, especially hypophyseal epidermoid 
tumours (see p. 258). 

(lii) Internal hydiocephalus from any cause may lead to obesity 
and genital hypoplasia as a result of diste/wion of tho floor of tho 
tiurd ventricle which compresses tho sella turcica and tho pituitary. 
In this way thosynciromoinay result from a tumour remote from the 
sella turcica, for example, a tumour of tho cerebellum. 

(iv) The syndrome may be produced by xnfective conditions oj the 
xienous system, especially by encephabtis lethargica and, rarely, 
basal syphilitic meningitis. 

(v) Idiopathic adijKiao-genUal dystrophy. In the majority of cases 
of this syndrome, includmg those in which the disturbance of function 
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is most marked, none of tho above causes can bo held resiwnsibic. 
The disorder appears to bo present from birth, and it is usually 
noticed at aaearlyagethattbechildis exceptionally fat. Both sexes 
are affected, though boys appear to suffer moro often than girls. 

Tho Hebrew race appears 
exceptionally liable. Obc> 
fifty is tho most conspicuous 
abnormality, and the fat is 
most evident aroiind the 
shoulders and hips (Fig. 75). 
The fingers are usually fino 
and ta))ering. The cheeks 
are rosy, and the skin is soft 
and hairless, except on tho 
ficalp. In these cases obe- 
sity is often associated mth 
hkelctal overgrortth, tho 
cluld being exceptionally 
tall os veil 03 cxceptionaiiy 
fat. ICnock-hnco is usually 
present, probably as a re- 
sult of the rreight. There 
is often a marked genital 
hypoplasia, though exeep- 
tionaUygeuitalfuncttonmay 
be normal. Tills b tho case 
more often in females than 
in males. Sugar tolerance is 
usually increased. Polyuria, 
lethargy, and narcolepsy 
are exceptional aasoebted 
sjTnptoms. There is no ovi- 
deoco of a lesion involring 
the visual paths and the 
sella turcica b radiographically normal. Tlioso negative findings, 
together ulth tho early onset, render it possible to distingubb the 
idiopathic variety of a^poso-genital dystrophy from other conditions 
of which s imila r dbturbanccs are ^mptomatic. 

(vi) The Laurence-Moon-BitM SyjKfrome. Thb unusual syndromo, 
first described by Laurence and Moon in ISGG, b characterized by 
obesity, hj’pogenitalism, mental retardation, polydactyly, and retin^ 
pigmentation. Cockayne, Kn^tin, and Sorsby (1035) stated that 30 
isobted cases and 15 affected families were reported during the 10 
years 1925 to 1035. Tho familial occunenco points to an inherited 
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predisposition as tlio cause, and various genetic theories have been 
proposed to exjjlain the disorder. Thouiost satisfactory is that which 
regards it as being inherited as an autosomal recessive, the epiblastic 
and mcsohlastic abnormalities being attributed to two separate 
abnormal genes carried in the same chromosome. Males are affected 
more often than females. 

Little is known about tbo pathology, but Griffiths (1933) has 
described the pathological changes in one case, consistuig of 
hbrosLi of the thjnnus, reduction in size of the pituitary, w itb excess 
of basophil and duninution of eosinophil cells, and hypoplasia of 
the uterus and ovaries. Tlio brain showed frontal atrophy and an 
abnormally small number of cells in tho nuclei of the tuber. The 
adiposo'gcnital dystrophy may well bo liyx»othalamic in origin 

Tho sjTnptoms show some variability from family to family. The 
retinal pigmentation is usually that of typical retinitis pigmentosa, 
but otlier forms aro seen. Vision suffers scvej-ely. Coloboma of the 
iris has also been described. Tho number of digits is six, but on either 
tho hands or tho feet tlio supernumerary digits may be represented by 
buds, only visible by X-rajs. Tho mental defect is not usually gross, 
and there is nothing dUtinctivo about tho aOiposo^gcnital dystrophy. 
Van Rognort and Borrcmaiis (1039) have described byptcroatosis of the 
frontal bones as an additional s^miptom. Tho combination of ft ontal 
hyperostosis and obesity is a feature common to both tho Laurence* 
5foon<Bicdl syndrome .and Morgagni’s Syndrome (see p. 842}. 

Treatment. 

\Vlien adiposo'gcnitai dystrophy is duo to tumour or encepliahtis 
the causal condition must receive appropriato treatment. Treatment 
of the idiop.atliio variety Is tt^ually disappointing, but there is a ten- 
dency for improvement to occur after the normal ago of puberty. 
Thyroid extract is often administered, but usually has httle or no 
effect. Tlio use of pituitary extracts would seem to have a more 
rational basis, but has proved disappointing. A diet in which fats 
and carbohydrates are rigidly restricted will usually reduce the 
w eight or at least retard its increase. 

3. Cachexia. 

Cachexia is much less frequently encountered as a symptom of 
a lesion of the hypothalamus than obesity. It is occasionally pro- 
duced, however, by suprasellar tumours and is common in the 
advanced stages of Parkinsonism duo to encephalitis lethargica. 

4. Sexual Functions. 

Failure of the sexual functions to develop at tho normal age, or 
retrogression after normal development, may be the result of lesions 
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either of the hypothalamus or of tho pituitary. Sexual infantilism, 
or, in the adult, iinpotcnccoramenoirlioea.accordiiig to sex, is usually 
associated with obesity as described in tho last section. 

Sexual precocity is much rarer. It may be a symptom either of 
endocrine or of nervous disorder. la tlio endocrine sphere it may be 
produced by tumours of the ovary, testis, or suprarenal. Pineal 
tumours cause sexual precocity in a proportion of cases, almost 
exclusively in males, but sexual piecocity may also be produced 
by other tumours of the mid-bralti and by hydrocephalus from 
any cause. It has also been reported after encephalitis Icthargica 
and In association with tuberous sclcrosb and suprasellar tumours as 
w ell as in rare cases of glioma of the hypothalamus. 

So far we have been considering bodily changes in the reproductive 
organs resulting from di^eaoe of the nervous system. Loss of sexual 
desire iritliout concurrent bodily change is not uncommonly en- 
countered in patients with a tumour involving the base of tbs brain 
and sometimes occurs after bc.ad Injury and in association with 
extensive destructiv e cerebral Icaions of any kind. Excessive libido, 
on the other bond, may bo experienced by patients in w horn a tumour 
or a more diffuse lesion, such as general paralysis In au early stage, 
diminishes iuhibitlon. . 

Impotence implies a condition in tho male in which sexual desire 
is normal but tile patient cannot acblevo an erection of the penis 
adequate for sexual intercourse. Erection of tho xtenls and ejacula- 
tion of semen dciKnd In tho firat instance upon tho integrity of 
redex arcs at the sacral level of the spuiai cord. Injury to these reSex 
arcs, such as may occur in tabes, spina biildu, or a tumour of the 
corda equina, may cause impotence. Since, how e\ er, higher centres 
also play a part in the sexual act, un{x>tcnc© may bo produced by 
lesions of the spinal cord at a higher level, as, for exam pie, iudisbetni- 
nated sclerosis. If the nervous system is normal and there is no 
debihtating general disease im|>oteDce is neunitio in origin. Simple 
anxiety may cause imi>otCQce w bidi may be os-tociated with cjaculatio 
praecox, which is explained by the fact that the sympathetic nervous 
system, which is over-activo during anxiety, is inhibitory to erection 
of the penis but motor to the vcsiculae MiniiiiaJcs. Often, however, 
the cause of neurotic impotence lies deeply in the personalitj' and 
c.an only be exposed by psychological analysis. 

5. Diabetes lasipidus. 

Diabetes insipidus is occarionally hereditary •, init usually occurs 
sporadically as a result of lesions involving cither the tuber cincrciim 
or tiie jiituitaiy, though in the latter casss tlio Jiolyuria is unuilly lets 
severe tiian in the former. Tuberal lesions rcs^xinsiblo for diabetes 
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insipidus iiicimlolranina, ranging from gun-bliot woundsoftlio bUi)ra- 
pituitnry region to eoniparathclymild blows on lliclBcad, basal men- 
ingitis, ^sll^cll is usually syphilitic, epidemic encephalitis, cerebral 
malaria, and tumours of tlio Ihinl vcntricio . and the syndrome may 
abo bo poxluccci by iirimary and secondary neoplasms and tubercu- 
loma of the pituitary’ (for its physiulog}* m>u p 818) 

J>ml>ctes uu>(pidus furiiis an intrgml [wrt of the rare and remarh- 
able syndrome — diabetic exophthalmic dysostosis (see p. 8311). 

Dialx'fcs tndpidiis extreim* thinst and the passage of large 

volumes of urine, umountmg in severo eases to several gallons a day 
Slt'cpi.sdislurbt.yl by thirst .tnd Oiotiecc^-ityforfteqiicntinicUinlion. 
l)ulimi.i is a rare uccomikiuhneiil. 

TJio prognosis of iJiabetes insipidus is coiisiderably inliuenced by 
the naturu of the cnus.iti\o le.sion. Pol^mria following cnieplinbtis 
kibnrgiea is rarely severo. There are olten nnirJted tliictiutions in 
the urinary output from day to day, and bi>onUincous recovery may 
occur. In sypbilit ic cu.scs btsichl may follow- ant isyjibiht ic treatment 
When the cause is tumour, relief may follow- if this can be removed. 

Prognosis in traumatic cases is uncertain. Some patients improve 
or recover after a few months: m others the disoider is permanent 

In SUV ere cabcs extract of the posterior lobe of the pituitary affords 
the only lulliutivo treatment. Nasal insuQlation of posterior lobe 
extract nuy bo tried but is often inelTcctivo. Gauze tami>ons boaked 
In pitiiitrin may bo placed in the nmtrils. Usually it u necessary to 
inject ^ to 1 c.c. of pituitrin subcutaneously to obtain a few- buur<«' 
relief from the jwljuria and thirst. It may bo neccss.iry to give more 
timn one dose during the day If one doMj only is given, it should bo 
administered ut bedtime, in order to ensure several hours’ sleep. 
Rarely pituitrin is incifeclivc. 

C. Disturbances of Sleep. 

The rolo of the Jiy[>otlinI«»MUs in the nonnal regulation of sleep 
is still uiiecrUiin, but clinlenl experience shows that lc.siuns in the 
region of the tuber cincreiiin may lead citJier to jicrsistentsomiiolfiico 
or to paroxysmal attacks of slocji — narcolepsy (see p. 820). 

7. Other Hypothalamic Disturbances. 

Sugar MtUxboUsm. 

The disturbances of sugar metabolism which have been produced 
by exjKTimenUil lesions of tho faypothalainua find a clinical counter- 
part in tho occunence of gljcobuiia as a result of lesions of this part 
of the bruin. Glycosuria is most often seen in patients with a tumour 
in the region of tho hypothalainiis or of tho fourth ventricle. It is 
more often due to a lowered renal threshold than to liyjierglycaeraia. 
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‘Cerebral gljcosum' may also occur after bead injury and spon- 
taneous subarachnoid haemorrhage and in meningitis and encepha- 
litis lethaigica. j 

TtmpeTalurz Regiilaiion. 

Irregular pjTesia may occur in patients with a lesion in the region 
of the tuber cinereum, and the hyperpitexia u hich not uncommonly 
follows operations in this region is probably the result of injury' to a 
hypothalamic tempcraturo-regulatmg mcchanistii, 

Vlciraiion of tho AlimtTitar]/ Canal. 

Many years ago Schiff demonstrated that lesions in the neighbour- 
hood of the hypothalamus were followed by* acute ulceration of the 
upper part of the alimentary canal, and this has since been confirmed. 
Perforating ulcers may thus be produced in the oesophagus, stomach, 
and duodenum of experimental animals. C^ishlng has drawn atten- 
tion to the occurrence of similar ukeratlon in man, as a rare sequel of 
cerebral operations, and it may aUo follow operation on the spinal 
cord. 

Hespiratcry DUturbanees. 

There is evidence that abuonnalitics in the rate and amplitude 
of respiration may be produced by lesions of the hypothalamus, and 
it is probable that this is the exphnation of the respiratory dUturb- 
ances which have sometimes h^n seen as sequels of encephalitis 
lethargica. 
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6. SLEEP AND ITS DISTURB.\NCES 
Tu£ Nature of Sleep 

The rhythmically recurring philological losa of coiisciousne4>3 of 
u Inch sleep consists involves changes of function in all tho organs of 
the body Earlier views of the nature of sleep sought to explain it in 
terms of functional changes which are probably rather its results than 
its causes. There are now few to maintain that sleep is primarily tho 
result of a change in tho circulation of blood or of its chemical coni- 
position, nor is there much more lo be said for the view that it is tho 
direct result of changes in endocrine secretion. Tho existence of 
fatigue toxins remains hypothetical. 

Increasing knowledge of the pJiysioJogj’ of sleej) and of tho nature 
of its disorders has led to stre-.s being laid upon tho neural aspect 
of sleep. Tho rapid onset and cessation of sleep, and particularly 
its disorders, such as narcolepsy, point to a chaagoofnoiinilfuactiots 
as its basis. 

Steep as Inhibition. 

Tho idea that inhibition is an important element in sleep, though 
by no moans new, was elaborated by Pavlov, who considcicd that 
tiio state of tho cerebral cortex during sleep was identical with inhi- 
bition because ho observed during his experiments on tho production 
of conditioned rcf{e.xes that an animal was liable to fall asleep during 
a phase of the redex in which be considered that inhibitory proccsncs 
were active. Sleep, tliorcfore, according lo Pavlov, is widespread 
cortical inhibition. This identification, however, is open to question 
on the ground that tho fact that slcei* may coincide with a process 
of inhibition does not nccvssanly mean that tho Iw o are identical. 
The Shep-Waling Centre. 

Tlicre is both experimental and clinical evidence foe tho existence 
of a centre concerned with tho regulation of sleep and waking, 
situated in tho posterior part of tho by poUiaLimus. It has rcpe.itcdly 
been shown that lesions in this region, v^pctinlly between tho coriiom 
mamilUria and the nucleus of the third nerve, and involving tho 
efferent pallis from tho Iiyqiotlmlamua, cauiso pathological somno- 
lence in animals. Lesions produced in man by disease, being moro 
diffuse, or© of less localizing value, but the sleep disturbances cliurac- 
tcristic of epidemic encephahtis lethargica can bo conekiled watii tiiQ 
predilection of the virus of this disease for tho grey matter around tlio 
anterior end of the aqueduct of f*ylvius und bitra'cranial tumours aro 
most likely to produce somnolence when they aro situated in tlie 
interpeduncular si>aco. Flnco destruction of ihw region causes 
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somnolence, it « oiild, perh&pa, bo more aptly described as a waking 
centre latber than as a sleep centre. 

Its mode of action is not understood. The suggestion has been 
made that since consciousness dcxxmda to a considerable extent upon 
incoming stimuli transmitted to the brain from the sensory receptors, 
the interruption of afferent impulses reaching the cerebral cortex 
may bo an important element m the onset of sleep. Bremer states 
that in an animal decerebrated by transection of the brain stem ilie 
electro-encephalogram of tho cerebral cortex is identical with that 
during normal sleep. 

TJie Eleclro-encephalogram during Sleep. 

Several workers have studied tbe clianges of electrical potential 
which occur in tho cerebral cortex during sleep by means of electro- 
encephalography. Briefly, as sleep deepens there is a transition from 
normal alpha waves through a phase of bursts of more rapid waves 
to tho development of slow random waves. Dreams have been shown 
to bo associated with a burst of alpha waves in the second stage of 
sleep. Fat solvent anaestbeUcs also produce characteristic changes 
and during deep ether and chloroform narcosis large, slow, rhythmic 
waves over tho whole cortex are recorded at a rate of two to three 
a second and a magnitude of several hundred microvolts. Barbi- 
turates, however, such as evipan, cause a large discharge over the 
whole cortex with a rate of about eight i>er second, which has been 
interpreted as indicating an interruption of aiferent sensory path- 
ways. Bremer states that barbituric sleep is eleetro-encephalo- 
graphically identical with normal sleep. 

While it is probable thataU levels of tbe nervoussybtem are involved 
in sleep, it seems likely that a change of cortical function is tho 
essential feature and that normal sleep is the product of an interplay 
between tbo cortex and the bypothalamio sleep-waking centre. 

Bodily Clianyta during Sleep. 

During sleep not only is consciousness lost, but certain bodily 
changes occur. Tho pulse-rate, blood-pressure, and the respiratory 
rate fall ; tho eyes usually deviate upwards, the pupils axe contracted, 
but continue to react to Uglit, though slowly ; the tendon reflexes 
are abolished and the plantar reflexes may become extensor. 

Fatholooicai, Sl^ep 

Tliere are two abnormal forms of sleep, narcolepsy and hyper- 
somnia. Narcolepsy is sleep which is abnormal by reason of its 
onset’s being irresistible, though tho circumstanees may bo inappro- 
priate and excessh e fatigue is absent. The patient can be aroused 
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from tlie narcoleptic attack as from normal sleep. Hypersomnia 
may bo defined as sleep which is abnormally prolonged and from 
which it is more than normally difiicult to arouse the patient. 

Nabcoictsv 

It is necessary to considcar with narcolepsy four other forms of sleep 
disturbance which, since tliey may be associated with narcolepsy or 
with each other in the same patient, are closely rclatetl to one. mother. 
These are cataplexy, sleep paraly^^is, iiallucinatory states associated 
with sleep, and somnamhuhsm. The first case of narcolepsy was 
described by We^tphal in 1877, but tlie term 'narcolepsy* was first 
used by Gelmeau (1880). 

Norcokpsy. 

The iiT^istiWe attacks of sleep characteristio of narcolepsy may 
be very numerous, occurring many times a day. In the attacks the 
patient suddenly becomes unconscious and the condition resembles 
normal sleep in tliat ho cau be arouacd immediately by oppropriato 
stimuli. The attacks are mo»t hkcly to occur in circumstances 
Donually conducive to drowsineas, such as after a heavy meal or 
during a monotonous occupation, especially wlien driving a car. 
They aro usually worse in the atlcmoon. They are occasionally 
precipitated by strong emotion. Tlie sleep U usually brief, lasting 
only for seconds or minutes, but if tlie patient remains undisturbed 
he may sleep for hours. 

CaJaplsx^. 

By cataplexy is understood an attack to nhicli suffereEa from 
narcolejisy are liable, but which dilTcrs from sleep in that, though 
the patient suddenly l 05 .es all power of movement and of maintaining 
posture, consciousness is preserved. Sometimes tremor of the head 
or muscular twitching occurs at the onset, but these may be 
absent. He patient sinks limply to the groimd w ith the ej-es closed. 
The muscles are hypotonic, the pupils may fail to react to light, the 
tendon reflexes may be diminished or lost, and during the attacks 
the plantar reflexes may be extensor. Though completely unable to 
move or to utter a sound, the patient is fully aware of all that is 
happening. Cataplectic attacks usually last le&s than a minute and 
recovery is rapid. They ate commonly precipitated by strong 
emotion, pleasurable or oilicmibe, especially by laughter, and the 
patient may be imable to motu until he has controlled his emotion. 
Sleep Paralysis. • 

Sleep paralysis resembles cataplexy except that instead of being 
precipitated during the day by emotion, it Usually occurs during 



SLKEP AND ITS DISTOIIBANCER 829 

the period of faJli/ig nsJeep or of awakcnHig Tlio patient, though 
fully conscious, is unable to n)o\o band or foot and often esiwrieiiccs 
intenso anxiety. A (ouch %\ iU rapidly disiMsrsc tlio paralysis. 

IlaUucimlQrtj States associated tcifh Sleep 

SufTerersifrom narcolepsy sometimes experience vivid hallucina- 
tions. These, nhich are more often visual than auditory, may occur 
as the patient is falling asleep, when they are termed hypnagogic 
hallucinations. Sometimes, however, they occur during the night, 
when the patient is apixirently awako These liallucinations are 
often elaborate and temfyung, and though they seem real at the 
time tJieir (rue character is readily recognized duniig normal waking 
life. The night terrors of childhood appear to bo of a sim ilar nature. 

SommmbuUsm. 

Souiiiambulisin may' he regarded as the reciprocal of cataplexy in 
that the patient, though jiartly asleep, is able to stand and walk in 
an automatic fashion It is occasionally associated with narcolepsy, 
but usually occurs in adolescents of a neurotic disposition but 
otherwise normal. 

The Mature of yarcolepsy and Allied Disorder?. 

Some flutbora — for example, Wilson — bavo thought that narcolepsy 
is allied to epileiisy Adio, however, and others have put forward 
the view that it is a disturbance of sleep. TJiis is supported by the 
fact that narcoleptic subjects, as has already been shown, are liable 
to V arioua disturbances of their nocturnal sleep. Narcolepsy, on this 
hypothesis, is to be regarded as sleep of sudden and irrcBUtible onset, 
and cataplexy as a localized sleep aSecting the centres concerned 
in movement and posture only. Sleep paralysis is the outcome of 
a failure of the uniform spread of sleep over the nervous system, tlie 
levels concerned with consciousness rcmauiing aw ake when the motor 
and postural levels have fallen asleep, or, conversely, awakening 
before them. TJio lialhicinatory slates appear to bo tJie product of 
a dissociation of consciousness, akin to dreaming, when the subj'ect 
is partially awake; and somnambulism, the converse of cataplexy', 
is a condition in which the highest levels are asleep, but lower levels 
are awake. 

The Causes of Narcolepsy. 

Narcolepsy may be symptomatieoridio|»athic. Symptomaticnarco- 
lepsy may follow iiead injury or may be due to cerebral arterio- 
sclerosis, neurosyphilis, encephabtis lelhargica, or intracranial 
tumour involving the posterior part of the hypothalamus. In sucli 
cases it is probably duo to disturbance of function of the sleep 
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centre. Jlore often no cau£e can bo found and the dl^ordc^ is 
then designated idiopathic narcolepsy, stales are more subject to 
this than females and tha onset usually occurs during adolescence 
or, at any rate, under tha age of thirty. Idiopathic narcolepsy k 
probably in many instances in the true senso a functional disorder, 
that is, a disturbance of function consisting of an csaggfcration of a 
normal tendency to drousiness. Physical abnormalities indicatiio 
of disorder of other functions of the hypothalamus may be present, 
especially obesity, Mitli or without genital atrophy. 

Diagnosis. 

Both narcolepsy and cataplexy ore so distinctive that iliagnosis 
usually presents no chfliculty. Narcolepsy is distinguiihcd from both 
epilepsy and syncope in the circunistancca in m hich tho attacks occur 
and in that u hen consciousness is lost the {lalient can beimniediately' 
aroused. Cataplexy is distinguislied from these disorders by Uie 
preservation of consciousness. Careful investigation should be made 
for evidence of organic disease involving the bypotlmlamus. 

Prognosis. 

The disorder docs not tlireatcn lUo unless Uio jatieol should bo 
unfortunate enough to have an attack in a dangerous sittuition. 
The response to treatment is, as a rule, disappointing and the attacks 
usually continue indefinitely, though occasionally they cease spon* 
taneously. I hare knouTi one patient who, after sudering from 
narcolepsy for twenty years, developed ly 3 )ical eplleiitio attacks, 
but this is very rare. 

Treatment. 

The sufferer from narcolepsy will neccaaanly bo tlebarred from 
occupations in which an attack of alcep may endanger him, and 
shouldnot be allowed to drive a car. Epfaedrineaud benzedrine have 
a specific action upon both narcolepsy and cataplexy. Benzedrino 
is usually the more effective and tho treatment should begin witii iO 
milhgraius two or three times a tJsy. To avoid disturbing iiocttimal 
sleep the last do.so should not bo pven later than at tea.tune. IVhen 
narcolepsy or cataplexy by d.»y are associated with disturbances of 
nocturnal sleep it is vv Uo to giv o a nightly doso of a b.'irbituratc, and 
occasionally a small doae of plicnobarhital is helpful in controlling 
the narcolepsy also. 

Hvreiu>OM>'iA 

Hypersomnia has olreavly been defined aa sleep which is unduly 
prolonged and from which jt ia inonj than normally difficult toarouso 
tho patient. The state of tho patient suffering from hyjHTsomnia 
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closely resenibles that found in normal Ev ca at the first glance, 
the healthy colour, tranquil facies, and quiet, somewhat shallow, 
breathing distinguish hypersomnia from states of coma in which the 
functions of tlm cerebral cmdex aro more profoundly disordered 
and not merely in abe5Wico through the over-activity of natural 
mechanisms. As in normal sleep, the eyelids are closed, the pupils 
contracted, and the limbs relatively toneless. The tendon rellei.es 
may be diminished or lost and tlio plantar reflc.ve3 may be extensor. 
The patient can alnaj's bo aroused to some extent by vigorous 
stimulation and when tiiua aroused may reply rationally to questions 
and Avill usually swallow food. When the pathological sleep is deep, 
hoivever, tlje response may be very liont^, but even so it Is more 
normal than that of a patient in coma. Walter, Griffiths, and Nevin 
(1939) state that in a case of patholc^ical somnolence due to tumour 
of the hypothalamus the electro-encephalogram resembled that found 
in deep natural sleep and could be differentiated from the electro- 
encephalogram both of ether anaesthesia and of coma due to increased 
intracranial pressure. 

The Causes 0 / Hypersomnia. 

Hypersomnia is most frequently due to a lesion in the neighbour- 
hood of the posterior iiypothalamus and upper part of the mid- 
brain As von Ecotiomo has pointed out, the predilection of the virus 
of encephalitis letbargica for this situation explains the lethargy or 
hypersomnia so characteristic of the acute stage of this di&ease. 
Other causes of hypersomnia include focal vascular lesions in this 
situation, syphilitic basal meningitis, and intracramal tumour 
Tumours are most likely to cause hypersomnia nben they are 
situated in the neighbourhood of the optic thalamus, third ventricle, 
or interpeduncular space. Hypersomnia may also bo caused by 
tumours in other situations, however, especially if these give rise 
to hydroceplialus, which may indirectly disturb the function of the 
hypothalamus. Other causes of hyperaomnia include head injury, 
trypanosomiasis, autotoxic stales, such as diabetes and uraouiia, and 
poisoning with narcotic drugs. Hysterical franco may be extremely 
prolonged, lasting in rare cases for years, but it is doubtful if this 
should be considered as identical >vjtb hypersomnia. 

The treatment of hypersomnia is that of the underlying cause. 
Drugs which antagonize elcepuioss include benzedrine, ephedrine, 
caffeine, and strychnine. 

iKSOMNia 

Tho inability to sleep at the normal time for the normal period is a 
symptom which may bo caused by a large number of disturbances. 
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The foUoiring list indicates the priiicix>a] cauj^js of iuioninia and the 
way in which they operate. 

1. jDis(ur6in/j s(imu/i. 

(а) External, such aa noise. i 

(б) Bodily states, such as fever, heat, cold, hunger, gastric 
distension, colonic distension, cough, pain, itcliing. 

2. Abnormal psycfiteal stales, such as worry, anxiety neurosis, 
depression, hysteria, toxic confusional states and delirium, mania. 

3. Disordered conddioacd elitnuli. Conditioned reflexes play some 
part in bringing about ^leep. A change in the normal surroundings 
may therefore cause wahcfulncas. Moreover, Insomnia may become 
established as a habit and the surrouadiDgs which Qonually evoke 
sleep may then become associated m ith withefulness. 

4. Toxijis aeling on i/ie brain. 

(a) Toxic substances introduced from without, such as tea, 
coffee, alcohol, tobacco, ephedrinc, benzedrine, strychnine. 

(&) Toxins generated wilhiathc body,as in infections, uraemu, 
and bypcftbyroidism. 

5. CircuUilo/y disturbances, such os hypertension, cerebral atbo* 
loma, heart failure. 

0 Focal lesions of Iht sleep centre, such as enrcpbabtls letbargica, ^ 
vascular lesions, intracranial tumour, he. 

Treatment. 

The first step in the treatment of insomnia is the discover}' of its 
cause. Organic disorders and abnormal incnt.il states must bo 
treated appropriately. When insomnia is a neurotic sj-mptooi, or 
merely the result of the di^rganization of a normal habit, simple 
measorcs usually suffice. Tea and coffee should not be taken in tbe 
evening and tlie last meal of tbe day should be light and taken not 
less than two hours before retiring. A small dose of alcohol is often 
an excellent soponiic, but keeps somo jwople awake. The fear that 
insomnia tends to cau^ serious mental ilhicss must be dhsjicllod by 
reassurance. IVhen the usual surroundings hare become associattil 
w ith sleeple&sness a change may be helpful. Various dcrices are some- 
times of value, such as a walk before retiring, a hot bath, a hot drink, 
and cotton>wool in the ears. Tbe bedside bwk should be unexciting. 
When trying to go to sleep muscular relaxation is often extremely 
helpful, especially if it has been practised under skilled supervibion 
during the day. 

Sedative dregs are essential for patients in whom insomnia ia 
secondary to organic disease, pain, or mental disorder. In others 
they are valuable in order to break the habit of sleeplessness. Such 
drugs are now legion, hut many of tho oldest bav e yet to be improved 
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«j)on. Tlio broniiiles, \\hich, ]iono\cr, aro not very reliable alone, 
may bo given in d05,cs of 20 to 30 grains. Broimdcs may bo combined 
Ubcfully with chloral hjdratc, tho do!>o of which is 5 to 30 grains 
The Larbitimitcs arc rcry numerous, but barbital (\cronaI) m closes 
of 5 to 10 grains is still useful. Pbcnubdrbital (luminal, gardcnal) in 
doses of I to 3 grains is best used for patients stilTcrmg from neurosis 
or toxic states, cither alone or m combination with bromide, pheno- 
barbltal sodium being the soluble salt. Sodium barbital (mcdinal) 
in doses of 5 to 10 grains iii cachet or solution is one of tlie most 
jmpulnr barbiturates and is, perhaps, especially Useful in depiessivo 
states. Purnldehjdc given in doses of 1 to 3 drachms in capsule by 
tho mouth, or 4 to 8 drachms {>er rectum In olivo oil, is useful for 
eonfu!>cd and excited patients, especially chronic alcoholics. Sul- 
phonal in doseaof 10 to 30 grains is a slowly acting hypnotic which h 
of value for patients who tend to awaken during the night. It should 
not be tiscxl for long periods 

Wliatover drug is emidoyed should be giv en not less than one hour 
befoie bedtimo and in full doses at lint, tho dose being gradually 
reduced lutor. This can best be done without the patient's knowledge 
if the dnig is gn cn in cachet A {xaticnt who is impioving may lie 
encouraged to ba%v tho dosc beside the bed and take it only if ho 
fails to go to sleep. It is often necessary to reasmre tho suffcier from 
insomnia that lio runs no risk of becoming n drug addict Systematic 
jaychothcrapy may be required in refractory cases of neurotic origin 
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CHAPTER XIX 

DISEASES OF THE BONES OF THE SKULL 
1. OSTEITIS DEFORMANS 

Synonym-. Paget’s disease. 

Definition-. A chronic disease of the bones characterized by absorp- 
tion anti neir bone formation and leading to enlargement of the 
skull, deformity of the vertebral column, and boiring of the clavicles 
and long bones of the extremities, and in some cases to ncivous 
symptoms secondary to the bone changes. 

Aetiology and Pathology. 

Osteitis deformans is a rare dLcase of unkaoirn aetiologj' develop- 
ing in middle life and affecting both sexes. 

Histologically the changes in the bones are those of a rarefying 
osteitis, with secondary' new bone formation both beneath the perios- 
teum and on the loner side of the corticahs. The deformities are (lie 
result of the softening of the bones. The skull becomes thickened, 
and the distinction betneen the inner and the outer tables and the 
diplo€ ^ obliterated. The cranial cavity is increased in breadth and to 
a less extent in length, but its vertical diameter becomes diininisbed. 
The base tends to sink relatively to tbe region of the foramen mag- 
num, which is supported by tbe vertebral cultuun. Thickening of 
the skull also leads to a reduction of the size ofthe vascular and oeurai 
foramina and is thus rcsponsiblo for eymptoins of compression of 
cerebral hemispheres, cerebcUum.andcranialnen-es. Similar changes 
in the bones of the vertebral eolumii lead to kyphosis and reduction 
in the height of the jutient, and sometimes to compression of the 
spinal cord. The clavicles and the long bones of the limbs may also 
become softened, thickened, and bowed. Generalized atheroma of 
the arteries is frequently prexent. 

Osseous Symptoms. 

The onset of the disease is insidious, the patient usually com- 
plaimng ffrst of pains in the bead and limbs. The gradual enlarge- 
ment of the skull nece^tates an increase in the size of the hat w om, 
and the deformities of the spine and long bones are noticed, together 
with the resulting duninution in height, w Inch in extreme cases may 
amount to as much as a foot. The enlarged skull bulges m the fron- 
tal and parietal regions. Affected bones often fecI miusually warm 
to the touch. Radiograms show a characteristic appearance, the 
thickened bone being mottled and ‘woolly’. 
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Nervous Symptoms. 

McjiIjI deterioration and cpilcptifonn attaeks may occur as a 
lesidt of compies-sion of tJio ceiebral hemispheres, and symptoms of 
cerebellar deficiency h.t\o also been observed. 

Any of the cranial nerves mny bo coniprcssed owing to reduction 
in the calibre of their foraminn, the olfactory, optic, and auditory 
nerves being most often affected. I Imvo seen unilateral optic atro- 
pliy, pivralysis of one oiAcnial rectus, and also trigcmiiiai neuralgia 
occurring as isolated nervous symptoms of osteitis deformans In 
spite of deformity of tlio spine BKSociated with vertebral collapse, 
symptoms of compression of the spinal rootsaro rare, but compression 
of tlio cord itself has been rej>ortc<l m a number of cases and may be 
associated with cranial nervo lesions, such as optic atrophy. Symp- 
toms of sjiinal comprc-ssion aro described on p. G24. Retinitis pig. 
mcnto&v may be present. 

Diagnosis. 

The diagnosis is it'adiiy mado by X.ray vtamiiiation of tiio bones, 
and this should always bo carried out in middlo.ugcd patients who 
LOiupIuh) of obscure imins in the boador limbs or cxinbit unexplained 
cranial nerve palsies or paraplegia. 

Prognosis. 

Ofticitis (Icfonnans is an v.xtrci)te)y chronic and slowly progressii o 
<]o>e.t>>e. Local sarcoma of bone sometimes occurs ns a complication. 
The associated arterial atheroma may prove fatal, for example by 
causing coronary thrombosis. 

Treatment. 

Treatuieiit is unsatisfactory. Analgesics will bo requited and small 
dobca of thyToid extract mitigate the pain in some cases. Laminec- 
toray is necessary when the spinal cord is couiprcbscd. 
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2. CRANIOSTENOSIS 

Stjnonyma-. Oxjccphtilj*; acrocrplialy ; turricephaly; tower ehull. 

Dtfin ition : A congenitat abnormality of tho bkull due to premature 
stnostosia of tho auturex and chameterized by an abnonnal ehapo 
of the head, exophthalmos, optic a trophy, and syniptorns of increas^ 
intracranial pressure. 

Aetiology and Pathology. 

It IS generally agreed that craoiostenoas i-i dtia to prcniaturo s^ti- 
ostosis of the skull hones. Tliis usually beguis in tho coronal, sagittal, 
and lambdoidal sutures, but Tariations arc encountered, and the 
synostoi'is raa^- bo asyuunetrical. It has Wn attributed to displace- 
ment of the centres of Ossificatiou towanls the sutures. Maun {1937) 
considers that it U duo to a localized arrest of developnieut of tho 
post-optic vUceral mesoderm (maxillary proiCM) ]>oseibIy of atavistic 
significauce. The condition is congenital and sumetimes hereditary*. 
Though (he sutures arc closed, the brain oootintics to grow at Uie 
usual rate. Compensatory enlargement of the akuU occurs by rnearu 
of expansion m here the sutures ate not united and by thinning of tho 
bone-^UTolutional atrophy from pressure of the grouting brain. 
The ultimate brcak-dowi) of this eoniprns.itory prt)(ts>s leads to the 
development of symptoms of increai.^ inlracruninl prchsure. The 
optic atrophy has been attributed to various causes, including com. 
pre»niou of the optic nerves by narrowing of their foramina, stretch- 
i»g of the nerves by elongation, pressure upon them by the brain and 
papilloedema duo to incre-tacsl intracranial pressiira. It is probable 
that dliTcrent factors operate in different cases, and that tho uptie 
nerves may be danmged in moro than one of these ^\aJs siniulU- 
neously. Tlie exophthalmos appears to bo duo to abnormal hhallow- 
i)e!>s of the orbits. 

Cranioatcnoeis is afcalurcoftheacrocephntosj,ndaitjlyof.\j)crt, 
w nhich oxycephaly is a.vMJcialerlM'ithsjmlacUly, and to tho cranio- 
facial dysostosis of Crouron. 

Symptoms. 

Since oxycephaly w duo to a cungenital abnormality, tho de- 
formity of the skull may’ be {ueuent at birth, but the patient may 
not com® under ob.scrvatiou until other sy7«pjums, such as headache 
and failing %ision, develop, which usually ix-curs in chitdhoo<l. 
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Tlio bkull is bmeliyccpliaJicand doiuo-sJjaiMjJ, with a high foioliead, 
. 111(1 tiifro may bo liatteniijg of tlio maxillae or a'iymmetncal facial 
tlcfoniiit y. The short iipiier lip is highly charactci y tic Tlie eyes are 
prominent, and a divergent squint and nystagmus are common 



Fiu. 76. Cron>uston(s>8. itote ttie sliapo of the head, the clost'd 
suturoe, (ho couvolutioiial tiunniog an<i the prognulhum. 


Painlloedema may ho present or optic atrophy, usually o£ the second- 
aryt}'i>c, »7th unpairmentofrisk?//, HhiciiR2ayre<xc’}ico72}p}et^b}ind' 
ness. Otlier symptoms duo cither directly to the bone changes or 
indirectly to increased mtiacronial pressure include anosmia and deaf- 
ness. The mental state is usually normal. Radiograms of the skull 
show the premature synostosis of the sutures and compensatory 
enlargement, with marked and sometimes extreme convolutional 
thinning of the calvarium, especially in the frontal region (Fig 7d; 
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Cranio-facial Dysoslosu. 

Tills disorder, described by Chjuzon, is closely related to oxy- 
cephaly, and is usually heredJtaiy, The forehead recedes to the high, 
rather pointed Tertex — trigonocephaly. There are also hj^icrplaaia 
of the inaxiUae and relaUvo prognathUui, together with exophthal- 
mos, divergent squint, and in some cases optic atrophy. 

Diagnosis. 

The condition can usually be recognized at a glance from the sha 
of the skull. In microceplialy the abnonnally small sire of the skull 
is secondary to hypoplasia of the brain and sj'mptoins of increased 
intracranial pressure are absent. In hjdrocephaliis the skull is 
enlatgetl in all its diameters and its total volume, w hich in oxyceph- 
aly tends to be subnormal, is increased. Oxycephaly is not likely to 
be confused mtb intracranial causes of increased intracranial pres- 
sure, such as tumour, if attention is paid to the shape of the skull. 

Prognosis- 

In mild cases compensatory enlargement of the skull may be ade- 
quate to prevent the development of symptoms. When, however, 
headache is present or vision is threaten^, no iniprovemeot can 
be anticipated, and the patient’s rondition is likely to become 
worse. 

Treatmeac. 

Only surgical treatment is eiTectire. Attempts have been made 
to deal radically with the cause by' opening the sutures and paring 
their edges. The success of this procedure is uncertain, and w hen the 
stage has been reacbeil at which sui^ry is required it is wiser to 
make a large cerebral decompression to permit the e»tablishincnt of 
tlie normal intracranial pressure. Since in some cases it is po-jssblo 
that the optic nerves are directly compressed in their foramina, 
radiograms of the optic foramina should be taken, and if they appear 
to be unusually' small their surgical enlargement should bo con- 
sidered. King (1935) has reriened the surgical treatment and de- 
senbed a new technique. 
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3. DIABETIC EXOPHTHALMIC DYSOSTOSIS 
Synonym. SchiiUer-Chriatian’s syntirome, xanthomatosis 
Definition: A rare disorder usually occurring in childhood and 
eha^acte^i^ed by diabetes insipidus, exophthalmos, and progressive 
erosion of bones especially of the membranous bones of the skull by 
xanthomatous deposits. 

Aetiology. 

This raie disease was first described by Schuller m 1915 and 
subsequently by Christian in 1920 and Hand in 1921 The essential 
feature ik a tissue infiltration by xanthomatous masses nch in 
cholesterol. These are nou' generally regarded as the products of a 
disturbance of lipoid tuctabolism. On this view Schuller’s disease is 
related to Nieinanii'Pick’s disease and Gauchcr’s disease, though 
the actual lipoid material difiers in all three The cause of the 
metabolic abnormality is unknown. Tlie diabetes insipidus is due to 
invasion of the tuber cinercuin and pituitary by xanthomatous 
material. 

Multiple cases in the same family have been recorded only twice 
ItlalcB are affected twice or three times as often as females. In three- 
fourths of all cases the disease begins during the first decade of life, 
but it may start as late as tbe second decade 

Pathology. ' 

The xanthomatous infiltration is extremely nidespread. The 
leticulo-endothcllal cells stufTed with lipoid material are known as 
'foam ’ cells. Bones are diffusely aOected, especially the membranous 
bones of the skull. The pelvic bones are also a common site. The 
pituitary and tuber cinercum ate commonly invaded by tlio xantho- 
matous material and llie exophthalmos is produced by xantliomatous 
masses situated in the orbital fat- Plaques of demyelination con- 
taining ‘foam’ cells have been described in tlio nervous system by 
Davison (1933) and Chiari (1933). Xuntbomatosis may al'W) bo 
'present in tlie liver, spleen, lymph-glands, lungs, and pleura. 

Symptomatology. i 

Diabetes insipidus leading to polyuria and polydipsia is often tho 
earliest symptom and may occur at a tiiuo when there is no radio- 
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Jo^ncal evjilpiicgof boDV change in the ikull. It ia prc-scnt in three 
out of four cascas. Exophthaltnos U slightly leas fre<iuent. RetnoLi* 
lion of growih ami mental development haa been ob^e^\e^l in about 
half of the c.ises, and adipuao-genita) dystrophy is soinetinjcs been. 
Gingivitis and falling out of the teeth is not uncomnion and there 
may bo a jwrsibtcnt dUchargo from the cars. Tlio colour of the skin 
may alter oumg to xanthomatous deiiobits and the liver, spleen, and 
hTuph-^hnds may he enlarf^L 27ie total fat of the blood may he 
abuic normal, but the blood cholesterol, calcium, and pliUbjihonis 
ha\c been found normal. 

lladiograrns of the skull shoo Urge areas of defect in thoiucmbni. 
nous bones, especially tovtards the ha.'tc in the front'd, Icmfxjral, and 
parietal regions. The sella turcica is often, but not invari.ibly, nor- 
mal. Other bones, especially thoao of tho pelvis, femoni, vcrlobme, 
scapukie, and ribs, may also exhibit lioealcdimtiun. Radiograms of 
the Inngs may shoir a liiffuse mottling rocmblwg miliary’ tuhercu^ 
losis with increu!^ density of tho hibr shallows, >' 

Diagnosis. 

ThediagaoMb w-jlliianilyghoribOtodiiScnlty etreptin tho'O coses 
m which diabetes insipidus develops hefotu there is any nuliographic 
change in tlie skull, and in the absenco of exophthalmos. In such 
cases an Area of fxine dotruction wilt often bo found ^umewhero iu 
tbo )x)dy, particularly in llie pelvis. 

Prognosis, 

Tho disorder apiieani usually to bo progreasiNo and to Icnuiiuite 
fatally, hut owing to the bniidl number of ernes in the litcraturoitLi 
uncertain whether this is invariably tbc case. ' 

Treatment, 

The ijolyuiiv resjionds considerably to pituitary extract and a tcin- 
jwrary mipro\emeiit in syinptoiuii often follows X-ray irroiliation. 
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4. GAltOOYLISM 
Sijnanijm: Iliirler’a s^THlrome. 

Dc/«»/ioh : Tlio term gargoyJiim Laa been applied by Elln, Sheldon, 
aiul Capon (1030) to a B 3 riitlromo first described by Hurler in 1910 
and characterized by a peetdiur tj-jia of osseous dy&trophy with con- 
genital clouding of the cornea, enlargement of the liver and spleen, 
and mental deficiency. 

Aetiology. 

Little is jet hiionn about the aetiology of this disorder The 
pathologiciU changes in the nervous sj&tcm apjiear to bo identical 
w ith tboso of cerebro-tnacular degeneration, and it has been suggos 
ted tliat gnrgoylisiu belongs to the group of disorders characterized 
by changes in lipoid tnciai^iism. Lii>oid changes, however, may bo 
absent in the liver and bplccii (Ellis, 1938) The disorder is almost 
certainly congenital an<l may bo familial. 

Pathology. 

Very few cases have been stndiwl pathologically. Balloomng of 
the ganglion cells of the uervoua system with lipoid, a change identi- 
cal WTtii that found in cerchro-iiiaeular degeneration, lias been 
described by Tiithill (1934), Ashby.Stenart, and WatJdn (1037), and 
D. !S. Uusscll (jKrsonal coinniunication). 

The pituitary was enlarged in both the cases of Ashby and ins 
oo-workers, and in ono tlie enlargement was duo to a general cellular 
hyi>erplaaia. Hydrocephalus, the cause of wliich is not yet explained, 
is often present. 

Symptoms. 

The bony changes are sinkiiig. The skull may be gcDerolly 
enlarged owmg to hydrocephalus, and other abnormalities of shape, 
especially scaphocephaly, mo oilcui present. The aupra-orbital ridges 
may be prominent .md the bridge of the nose <lepressed Changes 
in the base of tlie skull ,are probably responsible for the great enlarge- 
ment of the sella turcica, which has been described in some cases. 
The mandible is massive and prominent. Kyphosis, due to deformity 
of the vertebral bodies at tlie dorso-lumbar junction, is usually 
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present. The upper extremities are shorter than noniial and there 
is limitation of movement at the joints and almost invarinbly claw- 
hand. Genu s-algum and coxa valga ate not uiicomnion. 

Tlie cornea exhibits iuulti]>le opacities widely scatterwl, but hitua- 
ted principally in the deeper layers. Enlargement of the lUcr and 
spleen has been found in most cases, but there is a disproportionate 
degree of abdominal distension usually accompanied by umbilical- 
or ingumal herniae. 

All patients appear to bo mentally' defective and can usually 
speak little, if at all. Xo constant biochemical changes have been 
described. 

Diagnosis. 

Cretinism may be suggested by the uicntal deficiency, dull ex- 
pression, and prominent abdomen, but the bony changes, especially 
in the skull, are distinctive both from cretinism and from congenital 
syphilis. 

Prognosis. 

InsufBcient cases have been observed to enable the progoosis to 
be estimated ^lost p.'itienta appear to die in childhood, but one at 
least has reached the age of 10. Tlic condition may certainly retnaiii 
stationary for long periods. 

Treatment. 

Xo effective treatment is Lnomi, but some general improvement 
IS said to have followed thyroid udininistration in one or t\\o oosca. 
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HYPEROSTOSIS FROXTALIS IXTERXA 
Hyperostosis frontalis intema, or Morgagni's syTidroine, is a rare 
disorder of uncertain aetiology occurring almost exclusively in 
women and developing during middle life. The dL«case derives its 
name from the characteristic thickening of the inner table of the 
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skull, capucially in tiio frontul rc^on, tliougli it may involve otlier 
bones of the skull also. The inner surlaco of the thickening is nodular 
and it may attain a depth of moro tlian 1 cm. Tins consists of 
hixmgy bone containing largo numbers of osteoblasts, and tlio under- 
lying dura is iiaiially thickened and adherent. Associatcnl symptoms 
incliuio obesity, occasionaity other endotruie abnormalities such as 
diabetes mellitus or insiiudus, (icadaclics, and mental disturbances 
uliich range from emotionalism, depression, and impairment of 
memory to dementia. Tho radiograpltic appearances establish the 
liiagnosis. Ergotomino tartrate is said to relieve the headache 
Sui^ical removal of afTectwl arwis of bone has been carried out. 
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CHA1*TEU XX 

PAROXYS.AIAL AND CONV'ULSIVE DISORDERS 
1. MIGRAINE 

Synonifpu: HemicranU; bilious attack; 4ck licadacho. 

DeJiniUoni A |iafox_vsmaI diaonJer charactertH'tl in its fuHj* de- 
veloped form by TL>iial ballucuutiODS and other ilisturbanc<‘3 of 
ccrebml function, associated with unilateral lieadache and vomiting. 

Aetiology and Patbologj’. 

Migrame has been known to medical science for nearly 2,000 j ears. 
In the first century of the ChrUtian era Aretaeus of Cappadocia 
(a D. 30-00) desenbed it as tieterocrania, and the term heimcrama, 
from vrhlcfa migraine uasderired, ufls introduced by Galen ( i.v. 131— 
201). Among modem studies Liveuig's (IS73) U a classic. 

The aetiology of migraioo U complex and difficult. It is not a fatal 
disease and pathological investigations are thetefure scanty. Murc- 
orer, since It appears to be pninanly a difuvrder of function Uttla 
information is likely to be gaincil from morbid nontoiiiy. 

The Intwmnial Dulurtauec of Function. 

On the uliole tbo most plausible hvputLetica) c-tplanation of 
migraine is that it is due to arterial siu.«tu foIIoHcil by dilatation 
occurring vntiun the dutribution of the cominou uirotid artery. On 
this h^-pothesis arterial spasm Is n-»pon\ibJe for tbesubjoetirc tImuI 
disturbances and other corticsd sj-niptoins at t ho oii<«t of the attack, 
vv lule subsequent vaso-dilatation causes the licudache and is inunifcat 
in fiushing of (he face, congestion of the superficial tcnqiunil artery 
and of the conjunctivsandiuu.aliuueosaon thc&iileof ihohe-idacho. 
The specific effect of ergoUminc tartrate on the headache is 
attributed to its incicasing tbe tone of the branches of the external 
carotid artery. Other hy^wtlieses would explain migraine as due to 
localized cerebral oedema, dilatAticm of one lateml rentricle due to 
swelling of the choroid plexus aiul blockage of the furamon of ^lunro, 
or auellingof the pituitary' body. Whatever the nature of the intra- 
cnuiiai disturbance it is clear that it may be prcci{utatcd bi' more 
than one other factor and it is probable that insiuccptihle individuals 
more than one sort of siimultu may cau.se an attack, though in 
different patients diffcFeat causal factors predominate. 

Reflex Faelore. 

Ucfractire errors and defective ocular muscle balance are often 
blamed for migraine, tlioughjjrobablyuouailyirith htt]eju^ti/ication. 
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Attacks may certainly bo precipitated, however, by unusual visual 
stimuli, especially looking at a bright light Nasal sinus disease may 
also cause tnio migraine aa distinct from referred pam 

AUerqij. 

The iuii>ortunco of allergy has been stressed by Balyeat (1933). 
Sulfrrcrs from migraine may often be shovnt to bo sensitive to one 
or more food protein and may sufler from other disorders of an 
alieigic nature, most frequently from colon spasm. 

Dhktic Fadors. 

^Vlulc allergy may ctpkiin the precipitation of attacks by protein 
to vvliich the jiaticnt is bonsitivc, other dietary factors may play a 
part. Tbu.s the cxcc.s.stvo coiisuiiiption of animal fat or of alcohol 
may be followed b}* on attack, *o, too, may missing a meal 

Tht Liver and DuvIenQl Ulnsis 

There is ovidenco in support of the old-fasbioned view that dis- 
turbance of liver function plays a part in the causation of lui'graiiio. 
SufFerore from migraifie not uncommonly in later life develop gall- 
stones, and there is a tendency in migraine for the blood cholesterol 
to be sliglitly abov o normal. The onset of migraine may coincide 
with the development of a duodenal nicer. Biliary drainage by con- 
centrated magnesium sulphate solution is sometimes of value in 
treatment. 

Psychological Factors 

Sufferers from migraine, though ofleii mentally well balanced, 
and among tho most intcibgciit and industrious members of the 
community, are not uncommonly' of an introverted or obsessional 
temperament, and attacks of migraine may ba preci]>itated by 
mental fatigue or anxiety. 

Endocrine Factors. 

On tho whole there is little cv'idenco that endocrine abnormality 
is important. Tho occurrence of ’menstrual migraine’ liaa been 
quoted in favour of an ovarian disturbance. Tho pituitary has also 
been blamed, but the theoiy that a bridged sella turcica is a causo 
of menstrual migraine has not been generally accepted. Sufferers 
from exophthalmic goitre appear to be especially’ liable to migraine* 

Heredity. 

Here<litary’ predisposition is all-important. Jligraine is often an 
hereditary disorder and is inherited aa a Jlendelian dominant. Here 
again appears a link with alletgy, since asthma, hay fever, and other 
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allergic disorders are not uncommon among the relatives of the 
migrainous. 

Association U'ilh Epilfpsy- 

^lucii stress has been laid by some writers on the alleged as.>ocia- 
tion of migraine \rith epilepsy. Both are common ilisorders and it is 
doubtful if their association in (he same individual or i/t the Mine 
family occurs more frequently than can he explained by cliance. 
Occasionally, houever, a severe attack of niigndno may terminate 
m an epileptic fit. 

Age and Sear. 

The age of onset is usually at or shortly after puberty, much leas 
irequently in middle life or later, though an onset at about the 
menopause is not very uncommon tu uomen. Migraine is rare before 
puberty, but cyclical vomiting is not uncommon in cliildliood in 
those uho subsequently develop migraine. Women are slightly more 
subject to migrome than men end usually suffer more set errly. 

Symptoms. 

The Ontel. 

Ihodromal symptoms may bo present or absent. The commonest 
of these are droiraineas am} la^^tude, hunger, and ronstiioaiion or 
slight looseness of the stools. Sometimes the subject feels exception- 
ally well before an attack. The onset may occur during the day, 
which IS usually the ca»c in migretne with sensory symptoms. Wlicn 
heaiUche is not prec«led by these, the |olicnt often awakens with 
it in the morning from a particularly heavy sleep. 

Symptoms of Conical Origin. 

Sensory symptoms, though not (onstant, arc highly characteristic. 
Visual disturbances are the commonest. These usually have a homo. 
njTnous distribution, involving (lie conresponding halves of both 
visual fields. They usually eou-ast of a gradually developing hernia- 
nopia, which may be preceded by positive symptoms such as ilaslies 
of light. The hemianopia may begin in the penphery of the field and 
spread towards the centre, or rice versa. A eoRunou mode of onset 
is the appearance of a bright spot near the centre. This gradually 
expands towards the periphery, the advancing edge exhibiting scin- 
tillating figures which may be coloured and angular — (eicftoiwa, or 
JorliJication gpeelm. The spreailing scintillation leaves beliind it 
an ateaof blindness, so that when it reaches the periphery of Uioh.olf- 
fields the patient is left with homonymous hemianopia. Tlie spread 
of these visual symptoms occupws from fifteen to twenty miimtca, 
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und the hcmianopia then {'rudually fude<< auuy in thu order of its 
development, the uhulo distiirlKincc l.Lstiiig atiout half an hour, 
thoiigii objects in tho aHeetwl liehh limy ajijK-dr ie&s bright than 
normally for several hours. Many vaneties of inigrainuus visual 
disturbance oe<-ur. Tlie Byinploins may liavo a homonyinous qiiad- 
rantiu distribution Very nircly peripheral vision is lost in the whole 
of both Helds, leaving oiilj' a 'U’lcsaopie’ central Held of vision 
Kxceptiunally nUo tlio hciniaiiuiua is bilateral and leads to tenqKirary 
eompletu blindnos.s 

I’araosthcsiao and nuiiibiio.ss of jssrts of tlie botly occur next in 
frequency to visual disturbances. These symptoms iios.scss a cortical 
distribution, involving tho fieripliery of tho Itiiibs and the circumoral 
region. Tho ujutc-r limb i.s must often allected, a tingling sen>iation 
beginning in llio jicnpliery and grathially sprctuling up the limb, 
taking fifteen or twenty inmute.s to do so. Tho lijw, faro, and tonguo 
may bo Biibscipieiitly uffccted on one or botli sides, or may be in- 
volveii without tho np(»cc limb. Tho lower limb is rarely (he site of 
ivvrucstliesiuu. Varacstlu^iac usually develop shortly after tho unset 
of tho vUua] di>turbaiiecs, but may occur without tho latter as tho 
first symptom. U*ss frequently they do not ilevelop until after tho 
headache lias been present fur several hours 

Gustatory and auditory hal/ucinatious havo occttsioutilly been 
rejKjrtc'd, but uro rare. 

Weakness of a limb, usually the iip|icr. or of half of tho body may 
occur and usually follows tho {uracoihesiac 

Aphasia, usually of tho expressive, less often of the receptive, 
t3’(>c, ilia}' oc-enr. Jn right-haiidod jieopio it nia^’ be a.ssociuled witii 
visual disturbances in the right lialftfichls and ixiracsthcsiao on the 
right sido of the body. 

Tran-sitor^' dijilopia nu^' be complained of during an attack 
Giddinccss is not uncoiiiinoii and there is often sh'ght mental con- 
fusion. 

//fodtic/tc. 

Ilcadacho is tho most characteristic symptom of migraino and tho 
one from vv Inch it deriv cs its name. It may bo the only manifestation 
of tho disorder or may follow the sensory' symijitoms just described. 
It usually occurs us a boring jiain in a localized area on ono side, 
often in tho temple, and gradually fijireada till the whole of tlie 
affected sido of tho bead is iiiv'ohcd. Ifcadaclic occurs on the sido 
opposite to that to which the sensoiy symptoms are referred. Some- 
times it extends to the w hole hcatL It gradually increases in intensity 
and acquires a throbbing character, being intensified by stooping 
and bj’ all forms of exertion. In milder cases it lasts for several hours 
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but pasoes away if the patient can sleex), or after a night’fa rest. 'In 
more severe cases it persists for (la}8. 

Xausea is usually present dunnj; the stage of beailache, and vomit- 
ing may or may not occur. In mUder cases it seems to relieve the 
headache. 

Vasomotor changes are often conspicuous. The face is often pale 
and the extremities arc cold, until unprovement begins, but conges- 
tion of the face, con j unctiva, and nasal mucous membrane may occur, 
and is often confined to the side of the headache. Tliere may bo 
subconjunctival haemorrhage. The superficial temporal artery oa 
the affected side is congested and exliihits vigorous pul-ution. 

There U often polyuria foUowiiig the attack. 

Varieties of Migraine. 

The commonest form of migraine U characterized by headache 
alone, or by headache and vomiting \uthout other symptoms, 
Somenhat less ftequently visual or scosory' disturbances prcce<lc the 
headache. Less often stdl the visual or sensory syuiptoms, motor 
weakness, or aphasia are not folloncd by headache. Excopticoally 
vomiting may occur alone or in association with ahdommal pain. 

iligminoui A’euraigia. 

The term inigrainoua neuralgia U applied to neuralgic pain, asso- 
ciated with tenderness, in the superficial tissues of the scalp or face, 
especially the temple, which may i»ersist for cloys after an attack 
of migraine or may occur independently ofmigmine in a migramous 
subject. 

Ophthalmoplegic Migraine. 

This term has been applied to recurrent attacks of headache asso- 
ciated with paraly-eis of one or more oculomotor nerve<i, w liich jicrsists 
for days or weeks after the att.ick and tends to become jierm-inent. 
Although transitory diplopia is occasionally avsociateil with true 
migraine the diagnosis of migraine should bo received witli great 
suspicion when it is used to cover ocular palsies lasting laoiv than 
an hour or two. It is probable that most cases luUicrto described 
as ophthalmoplegic migraine have been examples of intracranial 
aneurysm, intracraiual neoplasm, or some other slowly progressive 
organic lesion. 

/“aciopletpc Migraine. 

Recurrent facia! palsy as.socialed with migraino is very’ nsre: I 
have seen one examples It ia probably to bo explained ui the same 
way as ophthalmople^c migraine. 
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Ihiinal Migravxe 

Retinal vascular lesions in migraino are fortunately rare. I have 
feccii thrombosis of the central artery of the retina, and of single 
branches, and knoun recurrent attacks of retinal ischaemia lead to 
bilateral optic atrophy with on irregular peripheral constriction of 
tlio visual fields. Retinal and vitreous haemorrhages may also occur 

Course and Prognosis. 

Tlie frequency of attacks of migraine varies considerably in differ- 
ent patients. Often the disorder seems to possess a rhythm uhicli is 
little iniluenced by outside factors The attacks may occur once a 
week, onco a fortnight, or once a iiiontli, with great icgulanty 
Attacks in which headache occurs alone aio usually more frequent 
than those in which it is preceded by sensory sjuiptonis. The latter 
usually recur at intervals of social months. Occasionally a patient 
has repeated ficqucnt attacks, a condition winch may bo called 
status hciiitcraniulis by analogy with status epdcpticiis. Headache 
preceded by visual symptoms may occur more than onco a day for a 
period of days. Apart from treatment, attacks tend to grow loss 
frequent and less severe as the patient grows older and usually cease 
in late middle life. It U not uncommon for the character of the 
attack to change. For eiomjdo, visual symptoms may tease to 
appear. 

Migraine does not shorten life, but in severe cases m w omen a state 
of chronic exhaustion may occur. In a small number of cases per- 
manent liemianopia or other visual field defects have followed an 
exceptionally seveie attack. In such cases tcichopsia may persist 
for weeks. Very rarely permanent aphasia and hemiplegia have 
occurred but this sliould suggest intracranial angioma ratlior than 
migraine. 

Diagnosis. 

It is important to distinguisb migraine from similar symptoms 
resulting from organic disease of tbo brain. The early onset of mi- 
graine is an important point of distinction, since migraine usually 
begins at puberty whereas most organic conditions with which it may 
bo confused are encountered in adult life. A tumour of the occipital 
lobe, especially an angioma, may lead to attacks of visual hallucina- 
tions associated with headache and vomiting. In these cases, how- 
ever, careful perimetry usually shows a visual field defect which 
persists between the attacks and increases. Moreover, signs of 
increased intracranial pressure sooner or later develop, and there 
may be evidence of pressure exerted by the tumour upon the neigh- 
bouring parts of the brain and in a case of angioma a cranial bruit. 

3i 
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AL>o I have seen migraine tomulateii by an aneiuy sm of tbc intcnial 
carotid arterv compressing the optic nciro. In this case attacks of 
dimness of vision, preced^ by subjectne flashes ofligbt, occurred in 
tbeaffecfeci eye, together with headache. PapiUoedema, a persistent 
field defect, and redaction of visual acuity, were present In this 
eye, together with other focal symptoms of the aneurysm. 

iL'graine is occasionally confused with epilepsj*, since visual 
hallucinations may constitute Iho prodromal symptoms of both. In 
migraine, however, the progress of the attack o slow, in epiJepy’it is 
rapid; and the retention of consciousncaa in the former sliould put 
the diagnods beyond doubt. 

^Vben transitory attacks of luraWheslae, wcakne&s, and aphasia 
occur in migraine without headache, the diagnosis may he difficult. 
Such disturbance may simulate disseminated sclerosis or cerebral 
vascular lesions. In migraine, however, there « usually a hustorj' 
of previous attacks of headache, dating from an early age. The 
transitory apoplectiform epiaodes of cerebral arteriosclerosis are 
confined to late middle age and old age, and atUcks of paresis or 
paracstheaiae in deuemiosted scIcFCuts, whic h usually last tor several 
da}'8, thus differ from Uiose of migraine, which nsually last only half 
an honr or at the most a few hours. IMien headache occurs alone, it 
must be distinguished from pain in (he head duo to other taiisea: see 
pp. 27C-9. 

Treatment. 

The sufferer from moraine should endeavour to regnlalo.h{s life 
so as to avoid as far as possible fatigue, both mental and {diysical. 
Refractive errors, if present, should be corrected. Diet is important, 
but individual idiosyncrasies are marked. Ifloat jiatieuts benefit from 
a diet in which animal fats are restricted ; and other articles of diet 
likely to precipitate attacks include eggs, chocolate, potatoes, and 
law&nit, especially applesand oranges. IVhen protein sensitivity is 
shown to exist specific dcsensitization may be tried, or non*specific 
desensitization by means of subcutaneous injections of peptone. 
Meals should be taken regularly and glucose may with advantage be 
added to the diet. In contrast there are some patients who improve 
on a ketogenic diet. 

When there is reason to suspect defective hepatic function, chola- 
gogues may be given, for example two tablets of Decholin (Riedel) 
thrice daily. Magnesium sulphate may be given in doses of 2 to 4 
drachms of a 50 per cent, solution before breakfast once a week ; and 
good resulU have been reported after periodical duodenal lavage 
followed by the instillation into the duodenam of I ounce of 33 J per 
cent solution of magnesium sulphate. 
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IVhen the attacks occur at tho menstrual j^riods benefit may 
folJoH' tho subcutaneous injection of ovarian follicular hormone 
threo times during tho preceding week. AUernathely placental hor- 
mone — Emnicinn complex (Glaxo)— may be given in doses of J to 1 
drachm daily, excejit during tho meustnial period. 

I’hcnobarbital is a most useful drug for tiie provention of attacks 
It should bo given in doses of half a grain tiircc times a day for two 
months, then twice a day for two months, and finally in a single dose 
at bedtime for two months. E/gotamitie tartrate ijas a highly 
specific effect on tho headache. l\o mg is given at the onset and 
repeated in an liour if necessary. It is more effective dissolved under 
the tongue than swallowed. Tho subcutaneous dose is J mg. A jiro. 
phylactic doso of 1 mg. may bo taken nightly ov er a long period 
Thera seems no risk of ergotism but pregnancy .md arteriosclerosis 
are conlra-indic-vtious and rarely a single dose may cause thrombo- 
phlebitis. Tlie bromides arc also of value, but are les? clTectJve than 
phenobarbital. Nitro-gljccrino U also useful, and a mixture recotn- 
niendcd by Gowers includes; 


IV Sod. brom gr. 10 

Lupior tnnUrim ni_ j to 1 

Tuict. nuc. vom. ..... 11). fl 
Tmct. golsctnii . 11^.10 

Acid, nitric, or hydrobroin. dil. . ]fi. 5 

Aq. chlorofortni . ■ . nJ ^ oz. t.d.s. 


At tbo onset of an attack an attempt may bo made to abort it by 
means of a dose of 30 grams of potassium bromide, with aspirin, 
10 gr., and plienacetin or pyraniidon, 10 gr. 

During the attack tho patient should lie down in a darkened room. 
A pow iler containing aspirin, gr. 10, plienacetin or pyraniidon, gr. 10. 
caffeine citrate, gr. 3 , should bo given and can be repeatcil m two 
hours, if necessary. Some jwtients benefit from tho addition of small 
doses of calomel. Counter-irritants, such as menthol, methyl salicy- 
late, or capsicum, may bo applieil to the scalp. If vomiting is severe, 
small quantities of iced diiids should bo given. 

Very severe attacks of migraine, in which headache and vomiting 
persist for days, may yield only to morphine, tliuugh this drug should 
bo avoided if possible on account of tlie risk of habituation. 
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2. EPILEKY 


Defmition. 

Epilepsy IS a paroxysmal and txansilory' dtsturlance of llio fime* 
tioas of the i>raia trhicb derp]o{>3 suddenly, rcAses spontaneously, 
and exhibits a conspicuous tendency to recur. Though in its most 
typical forms it ts cbaracterizeil by the sudden onset of loss of con* 
sciousness, irhich may or may not be ssnociated aith tonic spasm 
and dome contractions of tbe muscles, many Taricties of epileptic 
attack occur, and it is probable ibat their dUtinctire features depend 
upon (UfTereoces in the site of origin, extent of spread, and nature 
of the (Ueturbancs of function. 

The Physiological Nature ol Epilepsy. 

The invention of elcctro-enccpbalography (see p. 132), though it 
has po»cd many problems which arc stdl unsolved, has thrown much, 
new light upon the nature of epilepsy. Tlie electro-encephalograms 
obtained in epilepsy are described in more detail later. For our 
present purpose it is sufficient to say that epileptic attacks involving 
the cortex are accompanied by dictinct and chamcteristic fluctua- 
tions in the changes in eleetrical potential of the brain. Character- 
istic rhythmical patterns have been found to correspond to different 
clinical types of attack and abnormal foci of electrical discharge 
have been found in many cases to persist between tbe attacks. These 
observations have led some workers to take Uie view that epdep^ 
is dne to tbe development of abnonnal rhythms in the cerebral 
cortex, and it has been described as 'paroxysmal cerebral dysjrbyth-" 
mia’ (Gibbs, Gibbs, and Lennox, 1937). The nature of such a 
dysrhythmia has still to be interpreted in terms of the functions of 
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the cortical neurones, but in spito of unsolved problems tliis recent 
work supports the view that the physiological basis of a convulsion 
is a discharge of cortical neurones rather than primarily unpairment 
or loss of cortical function Experimentally it can be shown in 
aniinals that couv'ulsaiit drugs induce tits, the pattern of uliicii can 
bo modified by tiio successful removal of different levels of the 
nervous system from tlie cortex doiinnards Moreover, electrical 
stimulation of the cortex in man, as shown especially by Foerster, 
results in convulsions uhich can only be satisfactonly interpreted 
as the expression of u regional cortical dmlmrge It is not difficult 
to explain loss of consciousness on the excitatory liypothcsis, for 
consciousness must surely depend in large measure upon the blockage 
by inhibition of nerve-paths not imuicdiatclj’ concerned A wide- 
spread cortical discliarge Mould thus be as fat<il to consciousness as 
cortical p,iralysi3. Though cortical neural discharge plays the leading 
part ill most convulsions, discliaiges probably also occur simulta- 
neously in lower centres, and exceptionally these may take the lead 
in moulding the pattern of the Ot. 

Epilepsy, then, U to bo rcgardcil as an uncontrolled neural dis- 
charge, that is, as an abnormal converbion of the jioteiitial energy 
of the neurones uito kinetic energy. Fundamentally, therefore, it is 
a physico-chemical dbturbance, and it is to bo exiicctcd that the 
causatlvo abnormal piiysico-chemical state of the neurones should 
be produced by a wide variety of agencies. 

Aetiology- 

Tlie following classification of tbo jmiieipBl causes of epilepsy is 
for convenience arranged schematically, but it must be remembered 
that the precise ivay ui which a cause operates is often obscure and 
in some instances a single pathological condition might be placed m 
more than one category. v 

(a) Local Causes 

(i) Increased intracranial pressure; 

Intracranial tumour, hypertensive hydrocephalus, sub- 
arachnoid haeraoirhage. 

(li) Inflammatory conditions: 

Meningitis ; all forms of acute encephalitis ; neurosyphiHs ; 
disseminated sclerosis; cerebral cysticercosis. 

(hi) Trauma: 

Intracranial haemorrhage of the newborn: head iujunes of 
later life. 

(iv) Congenital abnormalities. 

Congemtal diplegia; tuberous sclerosis; porencephaly. 



SSi VAUOXYSiLVL AND CONVULSIVE DISOUDEHS 

(v) Dcgeneratious: 

Cerebro-iDacuJaf {Jegeneratioii; djfriji>c sdcroaia; Pick's 
(lUca^c; Alziicimer'a «lu«ase. 

(vi) Circulatory disturbances; 

Cerebral atheroma, haemorrhage, thrombosis, embolism; 
eclaiii|>sia; hypertentUTe enccphaJojiathy; heart-block 
(Stokes-Adams Syndrome); stimulation of tlio carotid 
sinus ; Ra^naud'a disease. 

(b) G'enemi Cuimm. 

(i) Exogenous jjoLsons: 

Alcohol, absinthe; thujoiie; cocaine; lead; cliloroform; 
ether; camphor; cardiazol; at>eno>bciizeiic. 

(lij Anoxaemia: 

^kspliy'xia; carboit monoxide poisoning; nitrous oxide 
anaci^tb(^sia ; profound anaemia. 

(ui) Disordered metabohsm: 

Uraemia; acute yellow alroptiy of the liver; hy7»eglycae* 
luia; alkalosis; water retention. 

(iv) Endocrine disoedeta: 

I’arathyroid tetany; menstruation; jircgnancy; ? hypo- 
pituiurisDi. 

(V) Allergy: 

Epilepsy associated with asthma or other allergic states, 
(vi) Conditions associated with childhood : 

XcGthing ; riikets; acuto infections. 

(c) I’iijdiological Factors. 

These are relatively unimportant. It U doubtful if psychological 
factors alone are suthcienl to csilm; epileptiform lonruhions. In 
indmduals otherwise predUjiof>ed, however, fright or anxiety may 
precipitate attacks. 

(d) IdiojtaUtie EpiUpsi/. 

tVhen all the abo>e factors have been excluded there remains a 
large group of p.itients who suBct from convulsions for which no 
local or general cause can be found. We H>em, therefore, comiwUcd 
to regard these individuals as sulTeruig from a predispcwition to con* 
vmUiona, the nature of which w not jet nntierstoo*!, but it must be 
borne in mind that the distinction between ‘idiopathic* and ‘sjnnji* 
toQiatic’ epilepsy is not clear*etjt. There is .iti lutcroiodiate group 
of jatients in whom predUposiUon detenniacs the development of 
epilepsy after a focal cerebral lebioit such aa a head injury. 
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The History of Patients Suffering from Epilepsy. 

The follow ing inquiries should be made of a patient suffering from 
convulsions. 

When did the first fit occur t Was it precipitated by an accident 
or associated with an acute ilbiessf How soon was it followed by 
the second f What ia the usual interval between the attacks ? Are 
they increasing in frequency t Do the attacks occur in bouts ? Has 
the jiatient had a series of attacks wjthoutrecovering consciousness ? 
Do the attacks occur at any special time of the day ? Do they occur 
only by day or only by nigbt? In the case of a woman, are they 
related to the menstrual periods ? Is any factor known to piecipitate 
the attacks ? Does the patient have any warnmg ? If so, what, and 
how long docs it precede the attack ? How does an attack begin ? 
Is its onset local or general, gradual or sudden ? Is consciousness 
lost? Do convulsive nioveineuts occur jjj the attack ? Ifso, arc they 
symmetrical or asymmetrical? Has the patient injured himself m 
an attack ? Does he bite his tongue and pass uilno ! How long do 
the attacks last ? What is his condition afterwards? Are the attacks 
followed by headache, sleepiness, jiaralysis, or mental disturbance, 
such as autotnatism ? \Vhnt treatment has he had and-how has he 
responded to it? Has he at any time suffered from head injury? 
If the attacks did not begin in infancy, did he suffer from infantilo 
convulsions ? Is there a hnnily history of epilepsy or of fainting fits ? 

lUIOPATHIO EMLEPSY 

Aetiology. 

The Xalure of (he HpiUpdc Convulsions. 

As wo have seen in the previous bection, a convulsion must ho 
regarded as an uncontrolled nciwows discharge When alj recognized 
local and general causes of convulsions have been excluded there 
remams the group of jiatients suffering from idiopathic epilepsy. 
The precise mechanism which brings about the attack in epilepsy is 
obscure. It has long been held that the underlying disturbance was 
a sudden constriction of the artcrmlos or capillaries of the brain, hut 
this is unsupported by careful studies of the intracranial blood-flow, 
and is inconsistent with elcctro-cneephalographio observations of 
persistent abnormal cortical rhythms. The cause of the ‘ dysrhythmia ’ 
is still unknown. 

Heredity. 

Inherited predisposition jdays a considerable part in the aetiology 
of epilepsy. In a series of 200 ej^eptics there was a family history 
of the disease in 28 per cent. This figure probably underestimates 
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the proi)ortion suffering from an inhcrite<l tcnderify, siiico this tlocs 
not alua^s find cs|>re»>ion, awl minor manifestations of cpilcj>sj’ are 
often unrecognized. It >'aa found that the on*et of tho convuNioiw 
appeared earlier in patients w»lh a family history of the disease than 
in those without this. It is difficult to estimate the lialjility of an 
epileptic parent to transmit the disorder to his or her offspring, siiito 
inlientance is often indirect and the condition rcapjxiars in n colla- 
teral line. Probably not more than 10 per rent, of the children of 
epileptics develop epilepsy. 

Traxima. 

The role of trauma m causing epilepsy is difficult to estimate. It 
is tteil known that sescro head injuries may he folloucd h 3 ' cpifepsj', 
}ct this sequel onl^’ occurred in a small proportion of cases, 4-5 per 
cent, of gun>shat uounds of (ho head during tho 1914 war (t>ce 
alsop 337). Tlicrebevidcnteatso that iesionsoftho ncr%'Ous 83 '&tem 
predispo.'O to epileptic alhicks, for example infantile hemiplegia. 
That mmot cerebral lesions are oIko of some actiological importance 
15 indicated hr the frequency with which slight ahnormalitics are 
found in the ncr^'ous system in epileptics. For example, Hodskins 
and Yakovlev in three hundred epileptics in an institution found 
a completely normal ncr\'ous 8\'etcin in only 17 jier cent. 

Epilepsy is relatively commoner among firsthoni children than 
among later members of the family, and thU is probably explained 
by the increased UabiLty of the firstborn to head Injury during birth. 

lletahdlic and EnJoeriut Factors. 

IVoloDged search lias not revealed any constant metabolic abnor- 
mahty in epileptic patients, though hints arc not wanting that some 
metaboh'c disturbance may play a |iart in the production of the fits. 
Generalized convulsions may occur in tetany due cither to alkalosis 
or to destniclion of the paratliyroids, and in epileptics, os Rosett 
has shown, a fit can often be pred|Hlatcd if alkalosis is inducetl by 
over-breathing. There is no evidence, however, tliat normally alka- 
losis is responsible for the attacks. .\ttack.s may be induced in some 
epdeptics by water retention. A small proportion of jiatients are of 
the obe^ type associated with liypopituitarLni. .Vdolcseent epilep- 
tics are often tall for their age and present an appearance suggestive - 
of functional overactivity of the anterior lobe of the pituitary. 
Abnormalities in tho dLlnbution of pubic hair are not unromzDon. 
In fact nmay epileptics fall into tho ^oup which Ivrcfschnier de- 
scribes as dyplastic. The rolo of menstruation in precipitating tho 
attacks in women is unexpiained, but supjwrts the view which 
attributes importance to metabolic factors. Pregnancy' maj' aLo 
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influence the attacks. It is not uncommon for an epileptic woman 
to be free from attacks during pregnancy or even to bo free when 
slie is pregnant witli children of one aex and not with the other. 
Otliers, again, are w orse wlien pr^nant. The truth probably is that 
epileptics are usually made Horae by any change in their internal 
environment. 

AUergy. 

Allergy may be a causal factor in a few' cases, especially m patients 
who al.so suffer from asthma or other allergic states. 

Psychological Factors. 

There is little reason to believe that epileptic attacks, as distinct 
from hysterical fits, are ever purely psychogenic, though the first fit 
is often ascribed to a fright. It is not uncommon, liowever, to find 
that the sufferer from epilepsy may develop a fit under the influence 
of fear or excitement 

Sex and Age. 

Females suffer from epilepsy sligJitly more fiequently than males 
In Gowers’s series of 3,000 cases the ratio of females to males was 
13 ; 12, In three-quarters of all cases the disorder first manifests 
itself under the age of 20, almost liatf the cases beginning duniig the 
second decade of life. Only 10 jkc cent, develop after the ago of 30 
(Gowers). During the first twenty years of life tho onset of con- 
vulsions occurs more frequently at certain ages tiinn at others Tiie 
liability is high during the first three years; tliere la a peak at 7, 
corresponding to the second dentition ; and a further peak at 14, 15, 
and 16. Apart from cases in which the attacks begin during infancy 
and continue without remission, epileptics exhibit a special liability 
to infantile convulsions with a subsequent period of freedom from 
fits, which may last for years Patrick and Levy consider that 
infantile convulsions occur in about 40 per cent of epileptics, as 
compared with 4 per cent, of normal children. 

Pathology. 

There is no constant pathological change to he found in the brains 
of epileptics, though abnormalities are common. Bateman (1936) 
studied 178 brains of peisons who had had convulsions. Only 3 w ere 
normal. In 34 tJierc were acquired pathological lesions such as en- 
cephabtis and meningitis. In the remaining 142 cases the clinical 
condition was idiopathic epilepsy associated with some degree of 
amentia or dopientia. In 60 out of 60 in whom the convulsions began 
before puberty there was bilateral agenesis of the frontal lobes. In 
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08 cases in \vhich con%-uUona began after piibi’Tty frontal agenesis 
was absent but tbere were focal vascular, meningeal, or ventricular 
abnormabties. iIicrascoj)icaIly much attention bas l^een ilirectcU to 
focal lesions in Ammon’s horn. U'licfi recent these consist of foci 
of tissue destruction which arc later followed by gliosis, b’pitlnioycr 
considers that these changes are the results of vascular sjjasm- 

Symptoms. 

Major EpiUpsy (Grand Mai). 

Prc-co>iruisue Si/mjdomt. Epileptic {hUienU frcrjuenlly exhibit 
sJ^nptom3 wiiich precede an attack for hours, or even for a day or 
two, and which enable tboso about them to recognize that u tit is 
likely to occur. TJiej>© prc-convulsne symptonm ineiuJo mental 
changes such as irritability un<l ileprc^ion, abnominl feelings referred 
to the bead, giddiness, and sudden myoclonic tuilclici. 

The .dura. Tho aura, or wunmig of tho attack, occurs according 
to Gowers in thrce-fiflhs of all cases. It is a symplom produtcil by 
the beginning of tho epileptic discharge and jicrceiv cd by tlio patient 
before consciousness is lost, tn the remaining coses tlie patient 
expenenccs no warning, but becomes itnconscious iit the onset of 
the Qt. Smee tlio focus of origin of the tit may be situated in a variety 
of locabties within the bra in IbcioisacoiTe.'.pomling variety of auras. 
The aura may take tho form of a complex mental slate, such ns a 
feeling of unreality or on the other hand of familiarity, as though 
events being experienced Iiavo hnppcncil before. The {sitiont may 
feel that be U di'«embodic<l, or ho may cx}>cricnco an intense but mex< 
plicable fear. This last aiun is aometimcs a.s.socia(cd nith running, 
the patient ninmng sev era! yanis before falling unconscious — ^‘cursiye 
epilepsy’. The aura may bo referred to one of tho special M'nsea: 
olfactory and gustatory hallucinations may occur; visual auras may 
consist of complex scenes or siniplo Bashes of light or balls of flic; 
auditory auras may take tbc form of baHiicinations of hearing words 
or phrases uttered, or may coaxist merely of criido sounds. Vertigo 
IS a common aura, and Focreter has oftonn that a convuhtun begin- 
ning with an aura of v ertigo can be excited by electrical stimulation 
of the interparietal sulcus. Sensoiy oura'i may consist of sensations 
of numbness, tingling or electric shocks referred to jiart of the body, 
or there may be a sensation as though a limb wero shrivelling up. 
Painful sensory auras occur, but are rare. Abnormal visceral sensa- 
Jjons J>equentJy the aura, i)je paHent expenoacing a 

peculiar sensation or sometimes even pam la tho epigastrium. There 
are many forms of motor aura. There may be a strong impnlse to 
speak associated with a feeling of inability to do so.. The fit may 
begin inth spasm or clonic movement of part of tho body, for 
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example, turning of the head to one bide or flexion of tlio upper 
limb and the patient may bo a%\aro of tlio niovcnient before iie loses 
consciotnancsa. Somctiniea tho whole body ia rotated to one side 

The Convulsion. 

The convulsion may Ix^iu with tho epileptic cry, a liarsh scream 
duo to forcible expiration of air tlirough the partly closed vocal 
cords, but this is more often absent than present Consciousness is 
lost either inimcdktely after tho aura or at the very beginning of tbe 
attack, and the patient fills to the ground Ho usually has no 
recollection of falling. In tho fall he may injure himself and per- 
luanent scars on tho face from this cause are common in epileptics 
Tho first motor manifestation of the convulsion iiroper is usually a 
jihase of tonic spasm of the muscles. Tliis is for the most part sym- 
metrical on the two sides of the body, though it is common for the 
head and oyes to he rotated to one side and for tlie mouth to bo draw n 
to one side by asymmetry in the degree of facial spasm Tho upper 
limbs are usually adduct^ at the shoulders and flexed at the elbous 
and iiTista. Tho fingers are flexed at the metacarjxi-phalnngeal and 
extended at tho iuterphalangeal joints, the thumb being adducted 
Tho louet limbs aro usually e.xtended, with the feet inverted The 
respiratory and trunk muscles partake in the spasm and respiration 
is arrested. The tonic phase may last only a feir seconds and rarely 
endures more than half a minute. 

It is folloii cd by the dome phase, in m Inch bustained tonic contrac- 
tion of tho muscles gives place to sharp, short, interrupted jerks As 
Goners pointed out, the clonic phase is probably a series of mternip- 
tioiis of tlio tonic contraction, rather than an essentiallj' diflerent 
phenomenon, and Cobb has show ii clectxo-myographically that both 
are tetanic. 

In tho clonic phase the tongue may be bitten if it is caught between 
tho teeth when the jaw is closed. P'oammg at the inoiitli may occur, 
and tho saliva may be blood-staineil if the tongue has been bitten. 
Incontinence of urine often occurs. Incontinence of faeces is less 
common. 

At the onset of an epileptic fit the patient may be either pale or 
flushed. He becomes prt^ressively cyanosed during the arrest of 
respiratory movejuejita w Jiich occurs in tho tonic stage, the cyanosis 
passing off when respiration U rc-establishcd in the clonic stage. 
Subconjunctival haemorrhages may occur. There is often profuse 
sweating. The pupils become dilated at the beginning of the fit 
and the reaction to light is usually lost The corneal reflexes arc 
also lost in a severe fit ; tho tendon reflexes may bo abolished and the 
plantar reflexes may bo exteuwjr for a short time after the attack. 
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The Post-convulshe Phase. 

- Towards the end of the clonic phase the iiitcr\-ala between the 
muscular contractions become longer and the jerks finally cease. The 
patient remains unconscious fw a I'ariable time, usually from a few 
minutes to half an hour and on recovering consciousness often sleeps 
for several hours.” Headaclie is common after an attack. Usually 
after recovering consciousne^ the patient is mentally normal. 
Exceptionally, howeiier, a conviiUioo is followed by an abnormal 
mental state. In post-epileptic automatism tbe patient, though 
apparently conscious, may carry out a series of actions which are 
often mappropriate to the circumstances and of whicli he subse- 
quently Las no recollection. Sometimes the epileptic lit passes into 
an hj’sterical attack. Rarely the epileptic patient may become 
maniacal after a convulsion and in this state may commit a crime 
of violence, even murder. Post-epileptic mental aberration follows 
petit mal more frequently than major epilepsy. 

2Iinor EptUpsy (Pelil JIal). 

Minor epilepsy is a term applied tosbgbt epileptic attacks in wliich 
impairment or loss of consciousness is tiie most prominent symptom 
No hard and fast hue, however, separates minor from major attacks. 

The slightest form of petit mal, often described by the patient as 
a 'sensation’, consists of a disturbance of consciousness often similar 
to the aura of a major attack, and sometimes associated with giddi- 
ness. In a ‘sensation’ coiisciou&ncss may not be completely lost. 
Next in seventy comes complete Joss of consciousness, preceded or 
not by an aura, but the motor and postural functions of the bruin 
are so httle atfected that the patient remauis standing and does not 
fall. He looks somewhat dazed, and the e^-ea have a staring apjiear- 
ance. After a few seconds he recovers aud may continue what lie 
was doing before the attack. In more Ke\ece forms of petit mal the 
motor and postural functions are olfectcd, and the patient, besides 
losing consciousness, may fall to the ground or may exhibit slight 
muscular rigidity, or carrj' out a -brief stereotyped movement. 
Transitory pallor usually accompaniea an attack of petit mal. In- 
continence of urine may occur, though it is less frequent Uian in 
major attacks. 

Psydioinotar Atlackt. 

In these attacks the patient, though not unconscious, becomes 
confused, often anxious and n^tULtic, and comes out movements 
of a highly organize<l but semi-automatic character. Tlie attack lasts 
from a few seconds to a piinufe or two. 
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Other forma 0 / Ej)ilej)lic AUaels. 

Jacksonian Epilepsy. Jacksonian epilepsy is fully de&cnbcd else- 
Ailiere. A convulsion uith a focal onset and a gradual s^iread corre- 
sponding to the represeiitationof parts of the body m the precentral 
convolution is almost alw ays a symptom of organic disease of the 
brain in this region A similar focal onset is not uncommon in uiio- 
pathic epilepsy, but in such cases tlio spread of the convulsion is more 
rapid than in a typical Jnckaoainn attack and consciousness is lost 
early. 

Epilepsia Partialis Continua. Tins is a rare form of focal convul- 
sion in nhich occur persistent clonic movements, nliich are confined 
to a limited part of the body, and tihicli may continue for months 
without stopping. 

Inhibitory Epilepsy. This is a very rare form of attack m which 
transitory Joss of power occurs in a limb or in one-half of the body 
without precedent tonic spasm or clonic movements It maj or may 
not be associated with impairment or loss of consciousness 

‘Tonic Epilepsy'. A convulsion may consist of an attack of 
muscular rigidity associated with loss of consciousness but not 
followed by clonic movements In the usual form of tonic convulsion 
the posture of the body differs from that of the tonic phase of n major 
epileptic attack. The head is extended, the upper limbs are thrown 
out in front of the patient, extended at the elbows, internally rotated 
and hyperpronated, with the fingers somewhat flexed. The lower 
limbs are extended This typo of fit is usually tlie result of organic 
disease of the bmn (see p. 1 1 ), but occurs occasionally in idiopathic 
epilepsy. 

Sensory Epilepsy. These consist of paraesthesiae, such as tingling 
or ‘electric shocks’, less frequently of painful sensation, involving 
usually a part or the whole of one side of the body Tliey may occur 
without loss of consciousness and are usually the result of a lesion 
ill the opposite parietal lobe. 

Ujicinate Epilepsy. Tins term has been applied to attacks 
cliaracterized by hallucinations of smell or taste. They are often 
accompanied by movements of the lips, tongue, and Jaw , for example, 
those of tasting or chewing, and are often associated with a distur- 
bance of memory (see p. 89i>}. Unanate fits are usually the result 
of organic disease in the region of tho uncinate gjTUs (see p. 248). 
They may, how ever, occur as a mamfestatiou of idiopathic epilepsy. 

Reflex Epilepsy. It occasionally happens that a convulsion may 
be excited by some form of external stimulation. This may be a 
sudden loud noise — acoustico-motor epilepsy — or music — musico- 
genic epilepsy — or a visual or cutaneous stimulus. Somew hat similar 
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are ca'^ea in ^hith a voluntary ino^ciiieiit may precipitate an 

attack. 

Retlci inJjiijjtiofj of a fit is on alljed phcnomeiioii. When a con- 
\ulsion has a focal onset and begtna with movement, for example, 
of one limb, it is nut iiucoininon to find that a (strong stimulus, such 
as a firm grip, rulihing, or passive movcinciit applied to the limh, 
vnll abort an attack, if it U begun iiiiuiediately after the onset. 

Pyhiolepiy. Pyknolepsy is a terra whicli lias been ajiplied to a 
form of epilepsy charactcriieil l»y very frequent attacks of iietit inal. 
It occurs in chiMrea, and the {latient may have ot era hiindml minor 
epileptic attacks a day. The onset is usually smliieii ami the attacks 
may cca-vc spontanc-oudy. Tliey rc<jK)iul very little to treatment. 

.l/yof/on«« Epiltjvy. Sco p. SsG. 

The Time Rtialionship of Allncle. 

Individuals ditTer greatly in rcsjici-t of the frequency of their 
attacks At one extreme are thoMi v«ho have only one, or pcrliops 
tHO, iu a Jifeliuie; at iho other, those who are cojjrulsnl feereniJ 
times a day. 

As Gowers points out, there are ihrre common modes of oii»ct of 
the convuUioos. A iiaticol may have ]H;t)t mul for n long penod 
before beginmog to have major fits. AJteraatireJy the first attack 
may be a severe one an<i thereafter major fits may occur nt short 
intervals, with or without attacks of petit mal ui additiou, or there 
may be major attacks sejianitcd by long intcrv ah of months or even 
years. ln7C i>er cent, of Gowers's cases theintenah lictvveen attacks 
were less than ouc niontli, Somo patients alwnya have fits in groups 
of two or more withiu a few hours. 

Time cf daij is an ioiportaot factor m <le(crmiriuig the occurrence 
of fits. In 42 per cent, of a senes of rases attacks occurred bv dav 
only, in 24 per cent, by night only, and in iho remainder Iw'th by 
day and by night. When tlio tits were confined to the day they 
occurred only half as frequently as in tlie othfer two grouiMi' Xoc- 
tumol fits are niowt likdy to i>ccur shortly nfler going to sJec]) and 
between 4 and 5 a.m., while the commonest time for diunial fits is 
during (he first hour after awakening. 3fenstrua(ion niarkwlly in- 
tluenees the occuiredce of fits in women. Many women hav o attacks 
only at the menstrual period, usually just before the period begins, 
less frequently dunngorunmcdiatcly after. 'Lotig^bstance rhythms' 
have bwn studied by Griffitlia and Fox (1D3S). 

Slalu9 EpHepJicue. An epileptic patient may Jjav^e a succession of 

convulsions with recovery of cmisciouMie^ lietween the attacks 

serial epilepsy. In some cases, however, one lit follows another with- 
out any intervening period of comeioubne.sa — status epilepticus. 
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Uivles3 the convulsions can be arrested couia deepens and pyrexia, or 
evouhypcrpjTGxia.dcvelopsand death occurs. Some patients exhibit 
a special tendency to develop status cpilepticus and do so on many 
occasions. 

Jlejtlal and Physical Abnormalilies. 

No mental or physical abnormalities are constantly associatetl with 
epilepsy and many epileptic patients exhibit neither. Epilepsy is 
sometimes associated with mental deficiency, and ono easily recog- 
nizable typo of mentally’ defective, epileptic child is excitable, noisy’, 
destructive, and diilicult to control The commonest mental abnor- 
mality in adult epileptics is n tendency' to a certain moroM! egotism 
The cause of tho progressive mental deterioration which sometimes 
accompanies epilepsy ia obscure. It is jirobably not a direct result 
of the fits, since it may ho absent ui patients hav mg frequent severe 
attacks. Possibly prolonged medicatioii with bromide may be a 
contributory factor. It is probable that both the convulsions and tlie 
associated znild dementia are the expression of some unknown 
physiological abnonuality. 

Ill most cases examination of the nervous system reveals no abnor- 
mahty in epileptics. Apart from gross lesions such as infantile hemi- 
plegia and hydrocephalus, which predispose to epilepsy, it is not 
uncommon, however, to find slight abuormal physical signs, such as 
nystagmus, slight facial weakness, diminution of abdominal reflexes, 
and an extensor plantar response on one or both sides. 

No constant endocrine abnormality has been found to be asso- 
ciated with epilepsy, thoiigli minor disorders of skeletal growth 
and genital development are common Many adolescent epileptics 
are exceptionally tall for their age Obesity of tho liypointuitary’ 
and eunuclinoid tyjK! is sometimes seen, together witli a hetero- 
sexual distribution of pubic hair. Scattered B2)ot3 of cafi-au-loit 
pigmentation of the skin are often {urcsent. Facial naevus should 
suggest an intracranial angioma on the same side, wliicli may cause 
an audible bruit on auscultation of the skull In spite of numerous 
investigations no constant metabolic abnormality has been generally 
recognized. 

The cerebro-siiinal fiuid is usually normal, though in 20 per cent, 
of cases its pressure is above 200 mm. of fluid Li about the same 
proportion of cases the protein content of tlie fluid is above 
the upijcr limit of normal. Ventriculograpliy and encephalograj>hy 
often show* abnormalities such aa dilatation of the ventricles or of 
the subarachnoid space overlying an area of the cerebral cortex, and 
such changes are most likely to be found when epilepsy has followed 
a head injury. 
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EhcIro-(ntt phalo^raph}/. 

'Iho electro-cncoiilialograra (see p. 13i) in cpilojwy U liighly clurac- 
(enstic. The phc»omt^w of thoaltarka have l«n stutlitsj by Gibbs 
Gibbs, and Lennox (1037). They find three main tyjica of electro- 
encephalogram corresponding 'Utli tbo three main (linieal t^i>ea of 
seuiire In all tj pea during the height of the seizure there is a great 
increase in voltage. In grand mat the wasca inireaBe in rate up to 
23 to 30 ft second and ap]»ear as shar)) spikes. In mul quick, 
e-harp spikes and slow rounduavcHat the rate of 3 a second alternate. 
In pi,j dio-motor attacks the rate i>lows to 3 or -I a- second with a 
square, flat-topped aase predominating, ftiomo {Kiticnts haso sub- 
dinical seizures wliich arc tyjiical short disihargci of rhjllim not 
attended by subjective or objecthe evidence of an attack. 
Walter (1U38) states that about 30 per cent, of ciuIepticH under the 
age of -10 slio'v some abnomiahtj' in the tleclro-enccjiliHlogram 
bctivecri the attacks This con.-culs of an abnonnal focus of cJolW 
waves wbUli in grand usal is most often in the region of the suficrior 
frontal g>Tus on ono or both side-*. In {ictlt mal the focus U usually 
post-central and in pvknolepsy it is in the occipital {>oIes. ^^1lcu a 
fit begins the waves can lie seen to start as un increase in the focal 
resting discharge, which spreads often quite suddenly to Jnvolio 
other parts of Uie cortex. Patients with truuuiatic epilejwy do not 
show a resting abnurm^ focus, tliough the seizure waves arc the 
same as m iih'opatluc cpdep>y. In epilepsia partiah'a continua a 
frontal electrical discharge corresponds in time and rhythm to the 
muscular contractions. 

Diagnosis. 

The diagnosis of epilejwy falb Into Iw o jwrt.?. It is lust necessary 
to dislingiiUh epileptic attacks from other paroxji-mal dUturbance*. 
and secondly, to decide whether the attacks ore symptomatic of 
organic disease or rortahoh'c disonJer, or whether the jiatietit is 
suffering from idiojiathic epilepsy. 

Petit lual must be distinguished from syncopr. Sy^lC•o^>e u-suallv 
occurs in weakly individuals with va-^motor instability or as the 
result of exhaustion or bacinorrhaj^ _ Doth the onset and the 
cessation of syncopal attacks arc more gradual than is usually the 
case in petit mal, and tlie former U usually prcwxlcd by a feeling of 
faintness, to syncopoalsothe patient is limp, whereas the occurrence 
of slight rigidity is in fa roar of petit mal. 

Nevertheless, in some individuals pressure ujion the carotid sinus 
or circumstances which usually uiduce syncope may causa an 
epileptic attack. For a discuseion of the relationship between 
syncope and epilepsy*, see p. b72. 


EPILEPSY SC5 

In narcolepsy consciousness is lost, but convulsive movements are 
absent and the patient, unlike the epileptic, can be immediately 
roused. In catapleay voluntary power is lost but consciousness is 
retained. 

Aural rerligo may bo confused with petit mal, in which also 
vertigo may occur. In vertigo of aural origin, however, consciousness 
is retained and other symptoms of aural disease, such as tmnitus and 
deafness, arc usually present. Though an attack of aural vertigo may 
bo brief it usually lasts longer tlian an attack of petit mal and passes 
away more gradually. 

Hyslerical convulsions are usually easily distinguished from 
epileptic attacks if tlio p,tticnt is seen when convulsed Tlieir 
onset is gradual, and they occur only m the presence of an 
audience. Consciousness is not completely lost, for the jiatient 
can usually bo roused by forcible measures and an attempt to elicit 
the corneal reflex usually evokes a vigorous contraction of the 
orbicularia oculi. If tlio patient cries out diimig the attack he usually 
articulates words or phrases, and laughing and crying may occur 
The movements \vhich constitute an hysterical convulsion are not 
clomo jerks as in epilepsy, but such as can bo carried out voluntarily, 
for example, clutching at objects in tho neighbourhood Tlio tongue 
is not bitten, nor does incontinence of uxmc usually occur in an 
hysterical attack. 

Anxiety attacks are occasionally confused ivith epilepsy. In those 
consciousness is not lost, but the predominant symptom is an intense 
sense of anxiety which is often associated with a feeling of giddiness, 
palpitation, and sweating. 

Under the term vaso-vagal attacks Gowers described ‘prolonged 
seizures, the symptoms of W'hich consist chiefly in disturbance of 
some of the functions of tho pneumo-gastric’. The patient complams 
of gastric, respiratory, or cardiac discomfort, and these symptoms 
are often associated with vasoconstrictioit and coldness of the ex- 
tremities. Women are more subject to these paroxysms than men. 
They are distinguished from epilepsy by their gradual onset and 
longer duration, and by tho usual absence of loss of consciousness, 

Jligratne is a paroxysmal disturbance w Inch may simulate epilepsy. 
The onset of an attack of migraine, however, is gradual. Conscious- 
ness is not lost, and headache usually occurs. It must be remenibered, 
hoivevcr, that the same individual may sulfer from both migraine 
and epilepsy and tliat very oxceptimially a severe attack of migraine 
may terminate in an epileptic fit. 

When it has been established that a jiaticnt suffers from epilepti- 
form attacks, it remains to exidude the various focal and metabolio 
causes of convulsions enumerated on pp 853-4. 

3k 
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Gross organic lesions auch as Jij/drocej)fta?iM and 
give rise to no difficulty. 

Tuhiroui aderosis can be dia^oscd as a cause of epilepsy associ- 
ated with mental defect only when adenoma sebaceiiui is present. 

litnal disease and hyptrtemice enecpXa/ojxj/Ay may be excluded by 
examination of the cardio-vascuUr 63'stem, including the blood- 
pressure, and of the unne and the blood urea. 

The diagnosis of sypAilia can be established by means of the histoiy, 
the presenre of signs of Ibe infection of the nervous s^-stem, and 
a positive Wassermann reaction in the blood or cerebro-spinal fluid. 

^Then a/eoAoZis the cause of the convulsions a hUtoiy' of alcoholism 
can usually be obtained. 

Heart-bloei offers little difficulty in diaguosis if the possibility of 
its occurrence is borne in mind. Tlie attacks are associated iiith 
marked bradycardia, and, ei’en if the pulse-rate is normal between 
tlie attacks, impaired conduction in the auriculo-veiitricular bundle 
can be demonstrated by an elcctrocanliogram. 

Special consideration must be given to the tuo commonest causes 
of convulsions developing after the age of 30, namely, intracranial 
tumour and cerebral arteriosclerosis. In intraemnial tumour convul- 
sions may precede other s^Tuptoms by months or >'ear8, and uben 
this is the case the true cause can only be suspect!^. Though con- 
NniUions due to cerebral tumour maj’ be generalized, a focal origin for 
the attacks should suggest tumour, especially ivlicn they are followed 
by temporary aphasia or pare^. Sooner or later headache and 
other symptoms of increased intracranial pressure make their ap- 
pearance, together with sigo-i of a progressive cerebral lesion. Ventri- 
culography may be helpful. Epileptiform attacks due to cerebral 
arteriosclerosis occur in late roiddlo life and old age. Vascular thicken- 
mg U usually demonstrable in the arteries of the retina and of the 
limbs, and the blood-pressure maj' be raised. 

Cysttetreosis should be considered es^peciaUj'.when cpilepsj' be^ns in 
adult life in men who have lived abroad, especialli* in India, and search 
should be made for subcutaneous cysts. Calcified cyats may be demon- 
strated radiographically in the muscles and le^d often in the brain. 

Prognosis. 

The nsks of death occurring during an epileptic fit are couii>ara' 
lively slight, except in status epikpilcus. in which condition the 
patient's Ufg is ahrays threateagd until oonacioasness ntferms, 
and death may occur even after recover)* of consciousness. 

When death occurs as the result of a fit it is not usually due to the 
fit itself hut is an accidental result of the loosi of consciousness. Thus 
a patient who is convulsed in b«i may turn over and become as- 
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phyxiatcd througii liia face being buried ui the pillow, and drew ning 
may follow a convulsion \\hich occurs Avlien a patient is in a batb. 

Jlinor accidents occurring from the fits include injuries induced by ' 
the fall, though these are laiely serious, and dislocation of the 
shoulder, which is produced by muscular action and which, liaving 
once occurred, is liable to recur in subsequent attacks. The prog- 
nosis as to jecovery from the attacks depends upon a number of 
factors. To achieve recovery it is necessary to abolish the attacks by 
means of treatment for a sufficient length of time for the patient to 
lose the epileptic habit. Persevering and thorough treatment is 
therefore essential and must be continued for 2 or 3 years after the 
attacks have ceased. The sooner tlie treatment can be begun after 
the first fit, the better the outlook, and tlio prognosis is best in those 
m whom t)ie attacks be^ after the age of 20. A family history of 
the disease is not necessarily an adverse factor in prognosis, and 
patients with an epileptic heredity often do better than those 
without this Individuals suffering from frequent severe fits arc 
least likely to be completely cured. According to Gowers the outlook 
is best when the attacks occur only during sleep, and treatment is 
most likely to he successful when they take place at a regular time of 
the da}' or of the month, so (liat mtcnsiTo treatment can bo timed so 
as to avert them, hlarked mental deterioration makes the outlook 
worse. Thus few patients in institutions become free fiom attacks 
and the death-rate among uistitutJonal epileptics is four times that 
of the general population. Probably about SO per cent, of non- 
institutional epileptics are cured in (ho sense of remaining free from 
attacks indefinitely. 

Treatment. 

General JIanagement. 

It IS desirable that an epileptic patient should as far as possible 
live a normal life. Children should attend school and should bo sub- 
jected to ordinary discipline. Adultsshould carry on an occupation, 
though certain trades will necessarily bo ruled out Occupations 
involving working at iiejghts, or near machinery, or driving 
vehicles aio obviously unsuitable, and sufferers from epilepsy are now 
preclntled by law’ from obtaining a inotor-dnver’s licence in Great 
Britahi. A regular occupation is a considerablo prophylactic against 
fits. Certain risks of everyday life must be explained to the patient 
and his friends, but it is difficult, if not impossible, to guard him 
against them all. The water in his bath should be shallow and ho 
should not bathe in deep water unaccompanied. Institutional 
treatmeut may bo necessniy for mentally defective iiatients and 
those having severe ami frequent fits, if adequate home care is not 
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available. Those in whom the disorder renders an ordinary occu- 
pa tion iip possible often do well at an epileptic colony. 

No general rule can be laid down concerning the marriage of 
epileptics. There is no evidence that marriage affects the tendency 
to fits .either beneficially or adversely, though pregnancy may prove 
either beneficial or the reverse. The risk of transmitting the disorder 
to the children must be individually assessed in each case. This 
risk 13 clearly greatest when there is a family history of epilepsy and 
least when a focal lesion of the brain can be held partly responsible 
for the attacks. Even when the epileptic tendency is hereditary it 
IS exceptional for a patient to tra^mit the disoider in the direct 
line, and the chances aro probably between 5 to 1 and 10 to 1 against 
any mdividual child of an epileptio parent developing epilepsy. 

Careful attention must be paid to general hygiene in epilepsy. 
Moderate exercise is desirable, but violent exertion sometimes pre- 
cipitates attacks. Any factor adversely affecting the general health 
especially enlarged tonsils, adenoids, and intestinal irorms in 
children should receive attention. If there is evidence of an allergic 
reaction to certain foods these should he avoided, or desensitization 
may be tried. The diet, unless for special reasons it is to be restricted, 
should be ample and adequately supplied with vitamins, and care 
must bo taken to ensure a daily evacuation of the bowels. 

Trtalmenl of the £pdeplic Atlfick. 

Treatment of a patient in an epileptic attack consists merely in 
preventing him &om injuring himself. A gag should be placed 
between the teeth. The attack is self-limited, and so immediato 
treatment will shorten its course. 

Surgical Treatment. 

From the most anclejit times trephining the skull has played a 
part in the treatment of epdepay. Apart from intracranial tumours, 
however, this operation is probably of benefit only in a very nar- 
rowly restricted group of cases. When there is clear evidence of an 
orgamc lesion of the brain, e<<pecially ono of traumatic origin, and 
the attacks hare a focal onset which can be related to the lesion, and 
when ventriculography dcmonstratesiUspkiccment of the ventricular 
system tow ards the lesion or meningeal adhesions superficially to it, 
excision of scar-tissue from the affected area may abolish the attacks 
(Foerster and PenfieldJ. Excision of the cervical sjTOpathetio appears 
<0 60 valciefess. 

Treatment uUh Drugs. 

Certain drugs have been found to diminish the severity and 
frequency of epileptic attacks and in favourable cases to abolish 
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tliem completely. Tlie object of drug treatment is to secure an abo- 
lition of the fits for a bufiicicnt length of time to enable the jxitient 
to^loso the epileptic habit. When the attacks occur regularly at the 
same hour of the day or period of the montli, the doses are timed 
correspondingly so as to produce their maximal effect when the 
attack is expected. Thus when tlio attacks are nocturnal or occur 
ill the early morning, a single dose at beiltimc maj' be sufficient 
When they occur only at the monthly periods, medication can 
sometimes be confined to the previous and subsequent w ecks When 
the fits are irregular a dose mu.st be taken two or three times a day 
Perseverance in treatment is essential and the jiatient must continue 
to take the effectivo drug 2 or 3 years after the attacks cease, if a 
relapse is to be avoided. Electro-encephalography may prove helpful 
in assessing the results of treatment which cannot s^cly be dis. 
continued as long as abnormal cortical electrical rhythms jiersist 

Bromide. 

Eorhiany years the bromides were the most effective drugs in the 
treatment of epilejisy. Combinations of bromine with ranous bases 
have been tried, but sodium and potassium bromide appear to he 
the most cfFectire, and thera seems no advantage m using several 
dilferent bromides concurrently. It is still wise to begin tioatment 
with bromide in most cases, since plicnobarbital, (hough it may prove 
more ciTective, has certain disadvantages. The total daily dose of 
bromide should not exceed 60 groins, given in tw o or three do»c3 The 
action of bromide is facilitated if Ibo patient's intake of (.blonde in 
the form of common salt is restricted. The most troublesome symp- 
tom of bromide ingestion is acne. Tliis, however, can bo largely, if not 
entirely, avoided, by giving 3 minims of liquor arsciiicalis with each 
dose of bromide, though it must bo rcuicnibercd that Uio prolonged 
administration of arsenic may lead to cutaneous pigmentation or 
pol^meuritis. Other sjTiiptoms of the prolonged udministratioii of 
bromide are constipation, impotence, and an halluclnatoiy' psj citosia 
{see p. 675). 

Barbituraks. 

Pbcnobarbital (luminal or gordcnal) is a di-rivativ o of barbital. It 
is practically insoluble in water, but the soduuit salt, pJicnobarbitaf 
sodium, is readily soluble, though it is inconijiatiblo with ammonium 
salts and with acids. Phciioharbital |iossCS»cs the a<lvanlagcs over 
bromide that it cau be given in tablet form, that it often controls 
the attacks more effectively, and (hat it is less dcprcosi/ig. It {xk- 
scsses the disadvantage that if it is suddenly withdrawn, the iKiticnt 
may have more fits than liefowj it was begun anti may oven p.iss into 
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status epilepticus. Patieuls with mi idiosjutrasy for pheiiobarbital 
may develop an erjlhcmatous or aa ufticarial rash, while in toxic 
doaes the drug may produce headache, vertigo, lethdrgy, and im- 
potence, or even ataxia and mental confusion. Piienobarbital may 
be given either alone or in addition to bromide, beginning ivitb half 
a grain night and morning and iacreoding up to 3 grains a day. If tlic 
drug is to be ivithdrawn, the doses of bromide must bo increased 
and the patient should be named agamst stopping the drug without 
advice. Phenobarhital is more effective in Uie treatment of major 
than of minor attacks. 

Calaum-dibrom-ethyl barbituric acid (suiienninal) is sometimes 
more effective than phcnobarbital. It may bo given alone or with 
bromide, in doscs of 0-3 gramme. 

N-ilethyleth^lphenylnialon^lurca jprominal) is used in doaes of 
from 3 to 15 grains a day, and the recently introduced sodium 
diphenyl-h^-dantoinate (epanutin) in do^cs of from 1 1 to a maximtun 
of 9 grains a day. 

Othr Drvgt. 

Other drugs aie of value only as adjurania to bramidsand pheno- 
barbital, especially in cases wliicli have not resjiondcd satUfactonly 
to these. Xincturc of belladonna in doscs of from 5 to 10 luiniina Is 
sometimes useful, especially in the treatment of petit uial. Tincture 
of digitalis in 5-minim do!>es h also occasionally successful. Zino 
salts have a long-standing reputation and may tried in tho form 
of 3- to S-grain do»ea of the (actate. Sodium bi-borate in do^ of 
15 to 30 grains three times a day can be combined with bromide. 
Benzedrine in 5 mg. doses is sometimes useful in pjknolepsy. 
Endocrine preparations are of little value, lliough extract of corpus 
luteum is sometimes useful in women whose attacks occur at the 
menstrual periods, and small doses of thyroid extract should be gi\en 
if tho patient exhibits signs of retardeil development. 

Trealintni of Slalua Epileplicus. 

Phenobarbital has greatly simplitied the treatment of status epi- 
lepticus, since the soluble sodium salt can be given subcutaneously 
or intravenously. The subcutaneous injection of o grains of iujulnal 
sodium is the surest method of cutting short an ntback. of status. 
This dose can be repeated if ncccasary. 

An alternative mode of tre^njentis to aOmhii^terscdative drugs 
by the rectum, and 60 grains of chloral or sulphonal, or I oz. of 
paraldeh}de may be given in this way and repeated if necessai^-. 
If the convulsions contiaue ia spite of sedathes, light chloroform 
anaesthesia should be used to control them. 
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The withdraw a! of cercbro-spinal fluid by iumbar puncture is a 
useful adjuvant measiue. IVliether or not drugs are gi\en by the 
rectum, the lower bowel should be well washed out with enemata, 
and rectal salines should be given if unconsciousness is prolonged 

Dieteltc Treatment 

Geyelin, in 1921, observed that complete starvation caused a 
marked reduction in the number of fits ui epileptics. Other workers 
acting on the hypothesis that the benefit derived from starvation 
was due to the associated ketosis, tried the effects of mducing ketosis 
by administering a diet rich in fats and poor in carbohydrates. 
A ketogenic diet has been found to be of some value in the treatment 
of epilepsy in children, but adults arc less r^jionsive. On such a diet 
about 30 per cent, of children become free fiom attacks, and in 
a further 20 per cent, the frequency of the attacks is icdiiccd The 
diet is calculated in terms of the ratio of ketogenic (fat) to anti- 
ketogeme (protein aud carbohydrate) substances in the foodstuffs 
This is described as the ketogenic: antiketogenic ratio It is usual 
to begin with a latio of 3 : Z incicasing it as necessary up to 4 .• 1, 
the urine being e.\amined daily for acetone and diacetio acid, and 
the patient should bo kept on a diet of a unnimum ratio necessary 
to control the attacks Careful suiicrvision is necessary, since the 
consumption of sugar, sweets, bread, or starchy food will lead to a 
relapse Tlic patient should bo weighed twice a week, since steady 
loss of weight would indicate the need for a revision, and possibly 
the abandonment of the diet. Vitamin deficiency should be guarded 
against by giving Manuite, cod-liver oU, oiid fresh tomato daily. 
If all icc-cream fieezer can be obtained, cream and egg-yolks can be 
mixed, suitably flavoured and frozen, and thus leiidcred more 
palatable. Specimen ketogenic diets can bo obtained from text-books 
of dietetics. 

Water Restriction 

Temple Fay has recently put forward a view that epilepsy is 
associated with a disturbance of water metabolism and that benefit 
results from drastic restriction of the patient’s intake of water. 

Psychotherapy 

Tliere is no reason to regard epilepsy as primarily a psychological 
disorder. In a few cases, liowever, mental stress and emotional 
difficulties appear to precipitate attacks. "Wlien such subonlinate 
causes can bo found, benefit may result from a course of psyclio- 
Jogicn! treatment. 
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3. SYNCOPE ^\ND SYNCOPAL EPILEPSY 
Difiinlhm Sjncope u a brief and traiuitory loss of consciousQcss, 
occiimog as a result of dlsonler of tbe c-lrculatioo, and in the ebseoco 
of organic diseaeo of the brain. Jn most ca.ses it is dear that the 
immeiUate cause is a reduction in the cerebral circulation, and if this 
13 sufficiently prolougcd, conrulsious may occur. As trill be seen 
there is cndence that in some cases syoc-ope may occur in the 
absence of a change m the cerebral circulation, and also that in 
some indiriduala an isolated epileptic attack may be precipitated by 
circumstances which more usuaUy cause synco/>e. The rchtt/onship 
between syncope and epilep.sy is therefore to romo extent obscure, 
yet it seems hkely that what may be tenaed sj ncopal epilepsy is the 
outcome of a disorder of function ditferent from that w hlch under- 
lies idiopathic epilepsy. 

Aetiology. 

There are many causes of syncope, and it wiU be convenient to 
consider first one trhicb, though pcriiapsnot the commonest, haa been 
thoroughly investigated and throws much light on the symptom 
— carotid sinus syncope. 

(I) Carotid Sinus Syncope. 

The important part played in the regulation of the circulation by 
the carotid smus, the slight dilatation of the carotid in the region 
of tbe bifurcation, was first pointed out by Hering, though previously 
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the vagus had been held responsible for effects now known to 
originate in the sinus. A rise of pressure mthin the sinus causes a 
reflex fall in blood-pressure with slowmg of the heart-rate, while a 
fall of pressure irithin the sinus has the opposite effect. These 
reflex changes are mediated by the sinus nerve of Hermg, a branch 
of the glosso-pharyngeal nerve, and the medullary vaso-mofor 
centres. Disease in the neighbourhood of the sinus, or even hyper- 
sensitiveness of the reflex mechanism may cause syncopal attacks 
which can be reproduced by digital pressure in this region. 

Ferris, Capps, and Weiss (1937) hav'O described three types of 
carotid sinus syncope: (i) ‘vagal’ attacks in which unconsciousness 
IS due to cerebral anoxaemia resulting from reflex cardiac asystole , 
(li) attacks of a depressor typo in which loss of consciousness is due 
to cerebral anoxaemia caused by a fall in blood-pressure, and (m) a 
cerebral type of attack in which unconsciousness occurs without 
any significant change in heart-rate or blood -pressure and without 
change in the cerebral blood flow. 

The causes of carotid sinus attacks include lesions in the neigh- 
bourhood of the sinus, such as scarring from tuberculous adenitis, 
atheroma of the artery, and rarely tumour Among more general 
causes are the menopause and dietary deficiency associated with 
chronic alcoholism. 

(2) Psychological Shock. 

The occurrence of syncoiio os an immediate response to sudden 
psychological shock is well known, and is probably due to slowing of 
the heart and fall in blood-pressure 

(3) Physical Shock. 

A w ide diversity of physical stimuli are capable of causing syncope. 
Severe pain, especially pain arising from injurj' to deep tissues or 
visceral disease, may cause Joss of consciousness, but many stimuli 
which cause little or no pain may be equally effective, and any 
stimulus which may cause ^ncope in one person may cause an 
epileptic attack in another, vrho may show no other evidence of a 
predisposition to epilepsy. Such stimuh include venepunctme, 
cisternal and lumbar puncture, pleural puncture (‘pleural epilepsy 
and coughiwg Sfcvcie vertigo may also 

cause syncope, for example in Ment^'s syndrome. 

(4) Drugs. 

Exceptionally the administration of a drug to which the patient 
is hypersensitive causes syncope. Cocaino and the organic arsenicals 
sometimes act in this way. 
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(5) Vaso-viotor /n^/aiiWy. 

Vaso-motor instability is the explanation of syncope occurring in 
rapidly growing adolescents in hot rooms, and in those getting up 
after long confinement to bed. In the latter the normal reflex pos- 
tural regulation of the blood-presaiiro requires to be re-established. 

(6) Anaemia of Sudden Onset. 

Anaemia of sudden onset due to severe haemorrhage may cause 
syncope, though an equally severe anaemia of more gradual onset 
does not 

(7) Disorders of the Cardiac Rhythm. 

Syncope may be caused by the impairment of the cerebral circu- 
lation resulting from disorder of the rate and rh^dlim of the heart 
m hcart-bloch, auricular flutter, and paroxysmal tachycardia. 
Syncope and syncopal epilepsy in heart-block — Stokes-Adams’s 
syndrome— is the best known of these disturbances. The loss of 
consciousness is most likely to occur dunng the cardiac asystole 
whjcii may develop in the transition between partial heart-block 
and complete block, and the attacks may cease when the block is 
complete, but do not always do so. 3fany attacks may occur in a 
day 

(8) Hypoijltjcaemia. 

Syncope may be a symptom of hypoglycacmia due to an over- 
do-e of insulin in a diaWtic patient, or of the chronlo state of hypo- 
glycaemia rarely produced by a tumour of the Ulet ceUe of the 
pancreas 

(11} Syncojic of Central Origin. 

Rarely lo&s of consciousness may occur aa a result of interference 
with the functions of the hypothalamus, particularly* by a tumour 
(see diencephalic epilepsy, p SIO and vaso-vngal attacks, p. 876). 
Symptoms. 

The onset ofan attack ofsynoope may be sudden, but it often takes 
a quarter to half a minute to develop. There may be prodromal 
symptoms such as coldness or tingling in the extremities, or loss of 
vision. The patient becomes pale and limp, and with the onset of 
loss of coDscionsness sinks to the ground, tiiough the premonitory' 
symptoms often enable him to sit or lie down &st. Respiration is 
usually sighing, the pulse is generally' slow, and the tension loir. Tlie 
pupils may be dilat^ and react sluggishly to light, and the conical 
reflexes are likely to be lost and the tendon reflexes dirainisheil. 
After a variable time, usually in from half a minute to tw o or three 
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jjiijjutcs, consciousiiesa gradimUy returns, the paticut may vouiit, 
and feels weak and dizzy. 

Syncopal epilepsy may assume three forms. (1) Symptoms usuaUy 
associated ^\ith epilepsy may occur during an attack of sjncope, 
o.g. sliglit tHilcJung movements or Joss of control over the bladder 
(2) If cardiac asystole is prolonged to several seconds the sjneope 
merges into an epileptic attack, e g m heart-block (3) In response 
to a stimulus, such a.s usually causi>s a syncopal attack, a patient 
may suddenly and without uaniiiig have an epileptic attack 

Diagnosis. 

Though as alrcatly dcscnlied the relationship hetween sjneope 
and epilepsj’ is eJoso there is usually no difficulty in distiugmshmg 
between tho typical syncopal attack and the typical attack of epi- 
lepsy. Sj'ncope, being secondary to a circulatory change, is more 
gradual in both its onset and its cessation than an attack of petit inal 
Convulsive movements do not occ-ur asa rule, and (he patient js hmp 
rather than rigid, os in epilepsy In many cases the cause of the 
sjucoxial attack Is obvious. Synco|xi and epilepsy of carotid sinus 
origin can bo rcproduccil by pressure on the sinus, whicli, however, 
IS no longer clTcctivo after nov'oeamhas been injected into this region. 
In tho stage of partial heart-block tho diagnosis may be impossible 
without an clcctro-cardiogram: in complete block the hcart-rato is 
usually from 20 to 30. Chronic bypoglycacima may be suspected 
when recurrent syncopal attacks occur especially before meals, and 
can bo confirmed by determining the blood-sugar lovel 
Prognosis. 

A syiicofM] attack in itself js rarely fatal and leaves no sequela. The 
prognosis is tliat of the causal condition Tho prognosis of sjncopal 
einlejjsy must be guarded, but tbp fact that a jJefson has liad an 
cjalcptic attack m response, foe examido, to a physical trauma docs 
not by any means imply that further attacks of tho same lund will 
occur. 

Treatment. 

Little treatment is required for tho ordinary attack of syncoiie, 
which is self-limited. The patient should bo placed in a horizontal 
posture. Smelling salts and brandy (if be can swallow) act reflexly 
as cardio-accelerators. Adrenaline or coramino can be injected but 
will hardly ever be required. Any causal condition w lU require treat- 
ment. Syncope of carotid sinus origin is best treated with small 
doses of bromide, combined with to 10 minims of tincture of 
belladonna and J to i grain of ephcdiine two or three times a day. 
In intractable cases it may be justifiable to denervato the sinus. 
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4, V.,VSO. VAGAL ATTACKS 

Vefiutlioni TIic terms ‘vagal* and ‘vaso-vagnl* attacLs were fir>t 
used by Gowera to desenbo ‘jirolongwl hcizun'S, llic s^m^itoius of 
uhich consist chiefly in dKturlxmco of »omc of the functions of the 
pneunioga&tric'. 

Aetiology. 

Vaso-vngal attucka ore ttneommon and occur more frc<iufntly in 
vomcn than in men. They aro most likely to take place in tho early 
morning, shortly after getting up, and arc occoriionally rclatt*d to 
menstruation, but as n rule nu (>rcci{HtAting cnitao tan Ire discovered. 
Gotrcfs Hos careful to state that ho used the term ‘sugaV (or pur- 
poses of description 'nilhout implying causation'. ITiough tho 
attacks aro charaelcrizeil by symptoms mIucIi may n-asonnbly bo 
attributed to a di«turbaneo both of tho xensory and of the motor 
functions of the %agus, other symptoms may bo rcganlc'd us m> 
dicaling overaction of tho sympathetic. Vaxo. vagal attacks therefore 
appear to be paroxysmal disturbances of the functions of both con- 
stituents of the autonomic nervous system, and recall iho dience- 
phalic autonooiio epilepsy of Penficld. Tieir cause is unknuiiTi. 
Symptoms. 

Tho onset of symptoms usually occurs in early adult life. Tho 
attack begins suddenly, usually with on ubnonual sensation referred 
to the epigastrium. This may be described a.-i a sense of oppression 
or a sinking feeling, or may be iside.scnbablc. It tcniii to spread to 
tho chest. Associated willi tltc epigastric sensation there is often 
a sense of dyspnoea combined with a sensaliou of disordered action 
of the heart, such os slowiDg, irregularity, or increased rapidity of 
the heart-beat. In some cases tlierois an intense feeling of impending 
death — angor animi. During tlio attack the patient remains jwr- 
fectly still, silting or lying down. There is u-sually no impairment 
of consciousness, though there may bo ilitllculty in speaking. In 
some cases the surroundings seem to the patient rery tlistant, and 
he is aware of what b happening as though it were in a dream. 
Occasionally, as m one of Gowers’a cases, consciousness is lost. 



VASO-VAGAL ATTACICS, 877 

The pulse-rate U usually abnormally slow and may be irregular, 
and the volume of tho radial pulse is often subnormal Generabzed 
vasomotor spasm is a feature of the later stages of the attack, the 
extremities being cold and cyanosed and the patient expenencing 
a sense of chill. The face may be pale or flushed The duration of 
the attack varies in different cases from a few’ minutes to half an 
hour, and the patient afterwards usually feels weak and tremulous 
for several hours and may complam of headache 

Diagnosis. 

Since consciousness is usually retained, vaso-vagal attacks are 
readily distinguished from syncope and from epilepsy, in both of 
which it is lost. In the rare cases in which the patient loses con- 
sciousness the distinction of the vaso-vagal attack from epilepsy 
must be based upon the more gradual onset of the former and the 
absence of convulsion, though it may be difficult to distinguish from 
a vaso-vagal attack an epileptic attack with an aura of epigastric 
discomfort. Possibly the distinction is to some extent artifleial 
Vaso-vagal attacks are distinguished from anxiety attacks by the 
prominence in the latter of the sense of anxiety and of motor rest- 
lessness, which is m marked contrast to the immobility which 
usually accompanies tho former. Coronary thrombosis is likely to be 
attended by considerable precordial pain which persists for two 
or three days. In angina of effort, though dyspnoea and angorammt 
may be present, pain is a prominent symptom and the attacks, 
unhke vaso-vagal attacks, follow exertion. 

Prognosis. 

The attacks resemble those of epilepsy in their tendency to recur 
at irregular intervals over a number of years. There is no record of 
an attack having proved fatal. 

Treatment. 

The patient should as far as possible lead a quiet, regular hfe, 
avoiding indiscretions in diet, and an adequate daily evacuation of 
the bowels must be secured. Tho same sedatives which are of value 
in the treatment of epilepsy arc useful, especially phenobarbital and 
bromide. In addition tincture of belladonna should be given in doses 
of 7 to 10 muiims, according to the tolerance of tho patient, and 
Gow ers recommends liquor tiinitrini in doses of J to 1 miuim. Ephe- 
drino in J-grain doses is also usefuL tVhate^ er drugs are used should 
bo given twice or thrice daily for a period of several months. 

BEFEBENCE 
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5. TETANY 

Definitioni Tetany, or carpopedal Bpasin, b a form of muscular 
spasm beginning in, and sometimes remaining limited to, the peri- 
pheral muscles of the limbs. Itisassomted n-ith an increased excita- 
bility of the neuromyone to all forms of stiiniili. It is a symptom of 
a variety of disorders n hicli either reduce tiie calcium content of tlie 
blood or mcrease Us alkahmty. 

Aetiology. 

Noel Paton, Findlay, and others in 1910 observed that the symp- 
toms of tetany following experimental removal of the paralhyroida 
resembled those of guanidine inloixicatioD and put foruard tbs vieiv 
that the latter was the cause of tetany. There is no evidence, how* 
ever, that guanidine intoxication is the causo of tetany in man, and 
modem investigations of the metaliolism of calcium and of the bio- 
chemistry of the blood ba\e tendered it possible to reduce the 
immediate causes of tetany to two. It is prohahlo that io sU cases 
tbe patient is suSerieg from cither a subnormal calcium content 
of the blood, or from an alkalosis, though a few conditions remain 
which have not yet been sufficiently investigated to enable them to 
be placed in either class. An attempt has been made to attribute 
all forms of (etauy to calcium deficiency*, on the liyyiothesls that 
alkalosis diminishes the amount of lomzed Ccilcimn in the blood, e\ en 
though its total calcium content remains normal. This at present, 
however, remains unproved, and there are indications that tissue 
anoxaemia may 'be of some importance. 

Conditions characterized bi/a Subnormal Blood Calcium. 

Paralhifroid Defieieney. The important role of the parathjToids in 
the metabolism of calcium and their influence upon the calcium 
content of the blood are comparatively recent discoi cries. Hyiier- 
parathyToidism due to a parathyroid tumour causes llio blood-cal- 
cium content to rise above its normal figure of betw ecn 9 and 11 mg. 
per 100 c.c. HypoparathyroidLsm leads to a subnormal blood- 
calcium content irhicb may lie as low ns 4 or u mg. per 100 c.c., 
and in such cases tetany may occur — tetania parathyreopriva. 
Hypoparathyroidism, which is rare, is usually the result of thyroidec- 
tomy but may occur spontaneously, a condition analogous to myx- 
oedema. 

Sleatorrhoea. Fatty diarrhoea, when severe and of long duration, 
may lead to a fall in the blood-calcium content sufficient to cause 
tetany. Thus tetany may occur in sprue, in cases of so-called idio- 
pathic steatorrhoea, and, exceptionally, in tulicrculoua enteritis. 
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Tlio low blood Ciilciuiii m such casca has been attributed to loss of 
calcium from tlio intestine in combination with fatty acids in the 
form of soaps. Uecent investigations, however, suggest that the chief 
cause of tho calcium defect is a failure to absorb vitamin I) (Hunter) 
DitUtry Deficiency, Dietary’ deficiency apjMJars to bo the cause of 
tetany when this ooinpUcates rickets, osteomalacia, and hunger- 
osteo])athy. The last two are characterinxi by a suhtionnal calcium 
content of the blood, which, however, only occurs m a proportion 
of cases of rickets. A deficiency of vitamin D m tiie diet is present 
in all three disorders, while in the last two tho calcium intake may 
also bo deficient. 

Increased Demand for Catcium Pregnancy and lactation may 
caiibo tetany, owing to the increa&ed demand which they make upon 
the calcium resources of tho mother. Tho likelihood of tetany occur- 
ring is much increascii when the intake of vitamin D and calcium 
is subnormal, as in osteomalacia. 

Conditions charac(eri:ui by AtLahsis 
^Ukalosis occurs when the ratio of acid to base in tho blood, repre- 
sented by tho fraction HjCO^/BHCOj, is diminished, with tho result 
that tho pH, normally between 7*3 and 7-5, rises This may ocnir 
in tho foUowing conditions: 

Excessit-e Inyeslion of Alkali. Overdosago with sodium bicarbonate 
may cause alkalosb and hence tetany, csjiecially if tho pow cr of tho 
kidney to excrete alkali is diimm'shed by ncpbniis. 

J/yperpnoea. Overbrcathlng, by washing out COg from the blood, 
may lead to alkalosis and hciue to tetany Tetany may thus bo 
introduced by ^ oluntary forced breathing, by hysterical hyperpnoea, 
or by hyperpnoea occurring as a result of disturbanco of function 
of the respiratory centre, for example in encephalitis letbargica 
lltffh Intestinal Obslntclwn. It has long been known that tetany 
may complicalo disortlers asirf)eiatcd with repeated vomiting — gastric 
tetany — and ^IcCalluui suggested that in such cases aUt.alosis was 
produced by a loss of acid from the body in the vomit Since, how- 
over, alkalosis may occur in cases of pyloric obstruction due to 
carcinoma of tiie stomach, in which tho vomit may be free from 
acid, this hypothesis cannot be tho whole explanation It has been 
show n experimentally that high intestinal obstruction in itself leads 
to a fair in the chioride content ami a rise m tiie bicarbonate content 
of the blood. 

Tetany of Uncertain Aetiology. 

So-called idiopathic tetany ocenrs in epidemic form in some of the 
coimtries of central Europe, usually in the spring months. Workmen 
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ore principally nfloctcj. Tetany has also been ilescnbwl as occurring 
in association with acute infections ami jtoisoning by ergot, phew- 
pborus, and moriihinc, and after the mlministnition of clilorofonn or 
other anaesthetics. 

Symptoms. 

Aa attack of tetany is usually iurvccilfd by tingling sensations in 
the periphery of the Umbs, especially in iho tiands. The attack itself 
consists of muscular spasm uliich ilcrdofM s|yontancoa»ly, but the 
intensity of whidi may be increa--a.-«l by external stimuli, such as 
manlpulatiuu of the limLw. In mild eases tho spasm is oonlinc<l to 
the hands and feet, or even to tlio bnndi. The tonic contraction of 
the inicrosaci of tho hands leads to a typical attituilL — fa t/uiin 
d'accouthtur. Hie fingers axe nlightly ticxeil at the inctacarpo- 
phalangeal joints and extended at tho interi>hnlatigeal joinfs. They 
oro strongly adducted, and the thumb is sinnlarly adduded and 
usually extended. The cauac of the liinitat ion of tiic muscular s{>a^m 
m inUd coses to tho smalt muaclcs of the humls is unknown. Kstep- 
tionally- the fingers be<-omo flexcil at all joints, and Rosctt, in 
inresUgating tUo tetany produc'd by voluntary’ hvpcqmuea, has 
silo's'll that tho limbs vnll liccomengiJ in any jiostiiro in uhiih they 
are previously fixed. Tim characteristic attitude of the feet is ono 
of plantar flexion at the ankle and adiluctiun of tho toes. 

Id seven attacks tho muscular spasm spreads to the proximal 
muscles of the bmbs. lu the upttcr limbs it pnilumiimtcs m a rulo 
m tho flexors of f he dbou oiu! in tbo adductors of the sboiildir. In 
the lower limbs the knees ore usually extended and t lie hiiw adducted. 
In such ca.«e-s the luuscros of the hcail mar ul-o go into spasm, the 
masseters closing the jaw and the angles of tho mouth being retracted 
m a rUui sardonic^. Tite eyes may Ixi jiartly closed and the bulbar 
muscles may aL>o be atli*ctcd, csjtecially thn,«o of tho larynx. Dys- 
arthna and dispnoca may thus be producwl. b'p-v'ia of tho trunk 
muscles may also occur, leading to slight opUthotonos. 

Though slight attacks of tetany are paiiUctw, coiisiderabie 
cramp-likc pain attends the mote Wolent spasms. Sweating and 
tachycardia and even rise of (cm{wraturc may occur in severe 
attacks. 

The increased excitability of tho neuromyonc « demonstrable in 
the resjKinse to certain tests, even in Uio alwcnco of actual attacks 
of tetany. CAivstek’i eiyn consUta of a brisk contraction of the facial 
muscles in response to a Ugbt tap oicr the facial nervo in front of 
the external auditory meatus. l*tessuro ui>on the mam artery sup- 
plying a limb or upon the peripheral nmea may precipitate on 
attack of tetany--rroii«cau'a sijpi. This test ia simply applied by 
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means of tlie cuff of a sphygmomanometer. The response to electri- 
cal stimulation of the nerves is also abnormal, as Erb first demon- 
strated. There is increased excitability of the motor nei^’es, and 
when the galvanic curreirt is employed a response is most readily 
evoked by the anodal closing current (Erb's electrical reaclion). Tiie 
ulnar nerve is the moat convenient for this test. Bourguignon and 
Haldane have shown that during tetany induced by voluntary hyper- 
pnoea there is an increase in chronaxy as determined by stimulation 
both of the nerve-trunk and of the motor point 

In severe tetany generabzed epileptiform convulsions associated 
with loss of conaciouauesa may occur, but are rare. I have met with 
transitory defects of the visual fields resembling those associated 
with migraine as a complication of tetany These were probably 
produced by spasm of the smooth muscle of the arteries of the retina 
or visual cortex. Similarly bronchial spasm may occur The tendon 
reflexes are exaggerated dunng an attack of tetany if the muscular 
spasm is not too great to allow them to be eheited. Signs of organic 
disease of the nervous system are absent 

Clinical Farich'w of Tetany 

Infantile Tetany. Infantile tetany is usually, if not always, due to 
rick^. It is not uncommonly associated with epileptiform convul- 
sions. It is uncommon in its fully developed form, but spasm of the 
adductors of the larynx — laryngismus stridulus — is probably a mani- 
festation of tetany. This occurs In attacks, beginning with dyspnoea 
due to difficulty of mspiration and terminating in a long-drawn in- 
spiratorywhoop. 

Tetania Paraihjreoprita. A patient suffering from tetany as a 
result of removal or destruction of the parathyroids is subject to 
attacks of muscular spasm which may last from a few minutes to 
several hours, but in additioo, owing to the subnormal lev’el of cal- 
cium in the blood, is constantly on the verge of an attack and may 
suffer chronically from stiffness of the fingers sufficient to interfere 
with occupations involving fine movements. 

Tetany due to Ilyperpnoea. Wien tetany is due to hyperpnoea 
the attack occurs only after a prolonged period of overbreathing, 
and soon comes to an end when tho respiratory rate returns to 
normal. 

Gastric Tetany. This form of tetany occurs as a sequel to pro- 
longed vomiting, especially when this is a symptom of dilatation of 
the stomach. The muscular spasm occurs in attacks, as in the other 
varieties of tetany. 

Tetany occurring as a symptom of other pathological states pre- 
sents no special features. 


31 . 
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Diagnosis. 

The symptoms of tetany are «> stnking that they are not likely 
to be confused uitli other ootuiitions. The on«et of the niuscukir 
spasm in the hands and feet and the associated signs of increajod 
neuromuscular excitability are pathognomonic of tetany. Tetanus 
13 distmguished by the fact that in this disea>e muscular spasm, 
though subject to exacerbations, u constant aiul not, as in tetany, 
mtermittent Moreover, in tetanus the main d’accoucheur attitude 
does not occur and spasm of the ma&>ctera as a rule develops early, 
whereas in tetanv’ this is a late syoiptotn occurring only i/i te\ ere 
attacks. Hysteria may be asaociated with tetany when the latter is 
produced hr hysterical hyperpnoea. In addition hy»tencal muscular 
rigidity may simulate tetany. In h>iteria, however, the typical atti- 
tude of tetany is as a nde aliment, though I hare seen one hysterical 
patient who had suSered front tetanyas a child and who in later 
hfe reproduced the attitude of tetany as an hy sterical synixitoin with 
remarkable accuracy. Other hystencal sy'mptouis, such as anaes- 
thesia, are usually to bo found in sucli eases, and the patient's 
emotional reaction to his symptoms is characteristic. 

In every case of tetany the underlying cause must bo ascertained. 
This ia usually easy* if the common caii'iea ore borne in mind an<! 
appropriate inquines are made. It b, however, always desirable 
that the pH and bicarbonate tontent of llie blood-p^^s^^ ^ttd the 
calcium content of the serum shoutJ bo ascertained, in order to 
detenmne whether the condition is due to a low blood uticium or 
to an alkaloob. 

Prognosis. 

Recovery from an attack of tetany b almost invariable, though 
death may occur in a severe attack, owing to laryngeal or bronchial 
spasm. The. prognosis as to cessation of the attacks depends upon 
the nature of their cause. 

Treatment. 

In the treatment of tetanyrone must always take into account its 
underlying cause. 

In tetany due to hypoparathyroidbui the blood calcium may lie 
raised by administering calciuin laitate as a powder taken fasting 
m repeated doses up to a total of 10 to 30 grammes ilaily (Hunter) 
together with vitamin D. In severe cases parathyroid extract 
(parathormone) may be required in addition, the dosago (usually 
10-15 units) being controlled by dctccminatiDns of the blood calcium. 
.A severe attack may be cut stert fay* slowly' injecting 20 c.c. 
of 5 pet cent, solution of calcium gluconate intrav enously. 
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In tetany due to steatoiriioea flio intake of fafc in the diet &houicl 
be restricted to a niiniinum and tho patient should bo given irradiated 
ei^osteroi. This vitamin, with or uitliout irradiation with uitra- 
violct light, is all that is required in the treatment of tetany asso- 
ciated uith rickets, and the samo treatment should be gnen in 
Osteomalacia and uhon tetany occurs in pregnancy, together with 
calcium by the mouth and a diet rich in calcium ParathjToid 
extract should not bo given iu these conditions, since it raises tho 
blood calcium by uithdrauing calcmni from tho bones Attacks of 
larjngismna stridulus, if severe, can bo cut short by the intra- 
muscidar injection of 1 gram of calcium chloride (Cameron) or b}' 
tho inhalation of a littlo clilorororiii. 

t\'hen tetany is due to alkalosis, (his may be directly combated 
by tho administration of ainmoninm chloride This may be given by 
(ho mouth in doses of 1 gramme in a glass of water si* or eight times 
a day. In cases of pyloric obstruction, 10 oz. of a 2 jwr cent, 
solution may be ndminislcrcd by the rectum. In addition (he cause 
of tho allialo'is must be treated and appropriate surgical trOiitment 
may bo required in gastric tetany. 
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6. MYOCLONUS 

Tho term ‘lUjocloiius’ is applied to a brief, shock-hko muscular 
contraction Mliicli may involve the whole muscle or may be hmited 
to a small number of miiscle-librtss Myoclonus may bo confined to 
a single muscle or may involve many muscles, either successively or 
simultaneously. Not infrequently contractions occur symmetrically 
in muscles on the opposite sides of tho body. The contraction may 
be too slight to cause movement of a segment of the limb or may 
cause such violent movements as to throw the patient to the ground. 
Tho contraction never involves groups of muscles w Inch aro normally 
syncrgically associated, nor does it as a rule affect mutually anta- 
gonistic muscles. 



8S4 PAROXYSMAL AXD CONVULSIVE DISORDERS 

The situation of the disorder of function responsible for myoclonus 
has been much discussed. Some myoclonic movements appear to 
be (bsturbanees at a low level of the nervous system, the neural 
discharge which excites the muscular contraction being probabl.v 
confined to the loner motor neurone. This seems to be tlie case in 
facial myoclonia. On the other hand, widespread sTOchronous myo- 
clonus may be produced by lesions in the neighbourhood of the ohv e, 
and electro-encephalography has shown that the mjoclonic move- 
ments which occur in epileptics and m sufferers from myoclonus 
epilepsy are excited from the cerebral cortex. 

MjocIodus is, therefore, a symptom which ma^* be produced 
by a varietj* of different iesitws, and in some cases the nature of 
the underlying disorder of function is still obscure. The classifi- 
cation of varieties of mjoclonus is, therefore, necessarily somewhat 
arbitrary. 

VAnurriES of Mvoclo.scs 

(1) Facial Myoclonus. 

See p. 172. 

(2) Hiccup. 

Hiccup consists of a brief spasm of the diaphragio, associated 
with adduction of the vocal cords, brought about by the forcible 
uispiratlou of air into the lungs. Usually the intervals which 
separate successive spawns last from a Quarter of a minuto to a 
minute or longer. ExcepliomiUy. hiccup occurs very frequently, 
even as often as 120 times a muiute. Paroxysms of hiccup may 
last for days, interfering with sleep and caualng profound exhaus- 
tion, which may even terminate fatally. The principal causes of 
hiccup are; 

(0 Eejlex Uiccu}). Hiccup may bo reflexly excited by stimulation 
of sensory nerves over a wide area, but especially from the vagus 
and the phrenic nerve itself. It may follow irritation of the lower 
end of the oesophagus and the stomach by food which is hot or highly 
seasoned. Gastric distension isaL-o a common cause, and the stomach 
may bo both distended and irritated, for example, viith alcoholic 
drinis. Laughing causes hiccMp, partly by enhancing the excitability' 
of the diaphragm and partly by leading to air-swallowing. Hiccup 
may also he is&ssiy excited by gastritis, bj’ conHithms le&ding to 
alxtominal distension, by irritalioa of the upper part of the peri- 
toneum, through local or geoend peritonitm, and by lesions of the 
diapliragm, for example, diaphrs^oatic pleurisy. I have known 
painful hiccup produced by the inraMon of the diaphragm by a 
chronic gastric ulcer. 
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(ii) Irritation of the phrenic nene, by mediastinal neoplasms, 
enlai^cd mediastinal glands, and aneurysm of the aorta, may cause 
hiccup. 

(iii) Central Lesions. Hiccup may be produced by lesions of the 
cervical region of the spinal cord in the neighbourhood of the third 
and fourth segments, from which the phrenic nerve originates, and 
an inflammatory lesion in this situation is probably the cause of 
hiccup in encephalitis lethargica and of epidemic liiccup. Hiccup 
may also follow lesions of tlie medulla and lesions giving rise to 
increased intracranial pressure which possibly operate indirectly by 
disturbing medullary function. 

(iv) Other causes of hiccup include uraemia and hj'steria 

Treatment. 

The first step in the treatment of hiccup is to remove the cause, 
if this be possible. Symptoiiiatio treatment may begin with homely 
remedies such as holding the brealli, induemg sneezing by means of 
snufi or pepper, and taking a minim of oil of peppermint on a lump 
of .sugar. When gastric irritation is the cause the stomach may be 
washed out. Otherwise the treatment is sedative Immersion in a 
bath as hot as the patient will stand it for twenty minutes or half 
an hour is sometimes successful. Full dooes of sedatives sliould bo 
ghen. Flicnobarbital and nembutal arc the most useful. Sometimes 
l/20th of a grain of apomorpluno will stop an attack. In severe 
cases ii will bo necessary to resort to morphino or the inhalation of 
chloroform or to inject the phrenic ner\’es with novocain. 

(3) Myoclonus in EncephalO'-myelitis. 

Alyoclonus is a somewhat uncommon symptom of encephahtis 
lethargica. It has occurred with special frequency in some epidemics 
(see p 432). It may also occur in herpes zoster, especially m those 
cases in whicli tlicre is evidence (hat the infection has spread in tiie 
spinal cord beyond the first sensory neurone (see p. 4GC) 

(4) Palato-pharyngO'IaryngO'OcuIO'dfaphragmatic Myoclonus. 

This syndrome, as its name implies, is cliaracterized by the syn- 
chronous occurrence of a rhythmical myoclonus of tlie soft palate, 
pharynx, larynx, eyes, and diaphragm and sometimes of other 
muscles. The distribution of the myoclonus may be unilateral or 
bilateral. The palatal moi’cment lias been described as ‘ nystagmus 
of the soft palate’. The rate of the movements varies from 80 to 
ISO to the minute, and is usually about 120 to 120 contractions to 
the minute. It is uninfluenced by drugs, and apparently by sleep, 
but may be inliibited at first by voluntary effort, and disaiipears 
if paralysis supervenes in the myoclonic muscles. 



sso I'AKOXVSMAL AND COXVULMVK J^l.^OKDKIW 

Tiii'i form of mjwloHUs w u^uaJly wMimiitut-*! nftir miiliUc life, 
the coiiiinoiitit ciiubo Ijeing a \unculAr Ic-wiim of tliw liraiii-Htcin, but 
oihir cauMS inclmlo ilUM-minaUd wkn^is umiirjpiu of tlio wrtc* 
bral arJfr.v, ami tumour of tla* nrcbclluin »nil juubbram. A<‘timl* 
mg to0uiiliiin(lb:i7-!S) llio fVM“»lUl Uwom w «mo wliu |i daniagci the 
olivo-ileiilatc t*3ntciu, timt Mtlic laimiialolharj' iitu-lcua, llic oHm)* 
iJpiitato fibrM, umi tijo dimtutc umki of ibo tireWlluiii. UmlaUral 
m>oiIumiii H the re.tult of a I(*humi aflt*t.ling (hu i|iftiUttrnl lU'ritntf* 
niuloua ami tho up]t<AMtc 

(5) Paramyoclonus Multiplex. 

The t<.nii 'pamiiiyuiIoiiuHiiiuttii'Icx’aiul iU oj tiony m<, (tiycKloout 
simplex nml essential in}o(.luiiU,»li(>uM l>e n str^ isl for the Hyinlrunie 
first ileacnUsl by Frinliekh in ISSl owl cliunitUriWHl by tLeoiJvl 
durmg adult lifeoffrciiUcnt myocloiuViiiiisf ulareontrailuuM. Tlu-sv 
arc most fretjuenlly olwnwl in the l>ief|*i», IriivpH, nml supinator 
longtu m the upjK'r limits and in lbci|ua«lmv|u*, nml to a less vxtinl 
j« Ihe«ddortor» of flic b;/», hiccit*, .inii/sniitt'miJnosris in the }cmcr 
limbs. Tlio muscular contraitiou invoUen tlic ubolo niusclo nml 
ucuirs regularly uiih a frv«|uen('y varying from ten to iltly times, 
a minute. It doca nut as n ruIcprudnioiHovviocnt of aliinliM'giiiciit, 
and though it aticets symmelrioally ninsik^ on the luo (•ides of the 
body, these tio not c-untmet syiulirumnidy. Hio niyocloniu mcivo* 
nu'uta (lisapjs'or during sleep and on voluntary itmiraction of the 
nticeted niiiscles. The elcetric.vl reactions of the iiuim lea aru normal, 
scvisation u ununpainsl, amt (he only as.s(H mteU abnorniahty hr au 
exaggeration of the tendon rellexea. Tin? di*onlrr i« n rlironic ono 
w hicli docs not threaten Lfo, and in luHiie * ak-s n*csn ety occiith. Ita 
p.vibologiial l>a.sia i.s uiiLnonn. Artvnling to Mu'-hens it is sonic* 
limes hereditary. Treiuaiciit with scslntivc drugs should In* i.vrrksl 
out on tho bamu lines na for epilr{wy. 

(i>) Myoclonus epilepsy. 

^lyoclnnic eoiitructions arc {-omuiun m patients sulfiring from 
idiopathic cpileiwy, occurring bclucsii tho epileptic iittaiks and 
usually liecoming intcnAiied Ufnro tho ht (H.Turs. In addition cpi. 
leptif attacks liavo Iwii described in [i^tkntN rtganJe-d tin sutk-n/ig 
from paramyoclonus inuUiplcx, though it is diflicult to mv on uh.it 
grounds sucli eases arc distinguiahod from iilioivtthic cpiU-]tsy with 
myoclonus. The term ‘niyorloniia epilepsy’ is U-st rcserveil for tho 
rare but weU-dcfmcd syndroiuotin-tdcacnbcd hy Uiiv errichl in IhOl, 
and later caaTuUy’ studied by Lundhoig. Myoclumis epilrpi.y thus 
defined ia usually familial and Occurs tn several siblingH. In tho 
family described by Unv cmcht, Kixtecn pregnancios rcaiiltcd in liv e 
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affected and fiie normal wblings, five mt&camages, and one child 
w bo died in infancy. Mott has debcnbed the di&order in four sibbngs 
iljoclonus epilepsy appears not to have occurred in more than one 
generation of a sibship, but tho uncle of Mott’s patients Mas an 
epileptic, and a patient of my own had an epileptic brother. Apart 
from tho probability that inlicritcd predisposition plays a jiart m 
aetiology, the cause of myoclonus epilepsy and its relation to the 
ordinary form of epilepsy remain obscure. Grinker and his collabo- 
rators (1938) hiivo demonstrated by meansof electro-encephalography 
tho cortical origin of the myoclonic discharges and their transition 
into the generalized attack. Mott and Jacqum and Marchand 
have described degenerative changes in cortical ganglion coils 
Tho onset of symptoms usually occurs between tho ages of 0 and 
16, usually when the patient is about 10, development up to that 
point ha\ing been normal. Generalized epileptiform attacks with 
loss of con9ciousnca.s apiiear first, and, to begin w itli , frequently occur 
only at night After socral \ears the characteristic myochmc con- 
tractions develop These are shock-hKu muscular contractions simul- 
taneously involving symmctrital muscles on both sides of the body, 
suflicicntly strong to produce movements of the limb segments 
They involve the muscles of the face, trunk, and of both upper and 
lower limbs. They disapfiear during sleep and are intensified by 
emotional e’ccitomcnt. They often mcreaso in seventy before a 
generalized epileptic attack but are not attended by loss of con- 
sciousness. In the face, myoclonus may occur in the ocular muscles, 
tho lips; and tho tongue, interfering w it b speech and w ith sw ollovring. 
In the limbs tho flexors are more often attacked than the extensors 
Writing may become impossible, and .sudden contractions of tho 
flexors of tlio lower limbs when tho jiatient is standing or walking 
may throw him violently to the grounii After somo years, during 
which myoclonic and epileptic attacks are associated, a progressive 
dementia develops and tho patient passes into the third stage of the 
disease, in which tho epdeptio attacks tend to disappear, though 
myoclonus continues. I^'sarthna and dysphagia increase, and death 
follows progressive cachexia 

Treatment is merely i>alhative. Tho usual treatment of epilepsy 
may control the generalized epileptic attacks, but has less influence 
upon tlie myoclonus. 
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7. .\CHOP.\IUIuSTJ!K.SJAIi 

The tmn nrruikaraoithmav Ua)>|)bwl to utipkaA.iiit lingUni; 
tioiis ucoimng, u't tlia name imptica, in (ho exln'iniiieti, Aithuti^h 
mch H.nsury ilioturhaucc-* ato i-unimott njiujitoiiw of orn-inio nen oiut 
iJw'jA-v, >ho term a«roj»arao>iJjt>i.'ip t* for thtor tNiiirreni'c 

»t tho abacni'o of organic .\x llu‘y are foumi almost 

exclusively ill inuhlle-ugial Httnu-n of (ho uorking rl.w, iIc(vIo|>ini; 
Usually nitoiit the meiioii.iii>c. The tingling n^iiully ta'gmi in the 
tiiiger«, Ixitli lianil<i Ix'ing atfec-tM N^iimutneally, anil may uptvad to 
involve (lie uhulo of the tip(>cr liiiihs. The loiuT IiinU are It'sa often 
alTectetl. The osiuptutn b (‘s]icc->.illy trouhlc'oine at night, ulirti the 
2 >atietit bin Ited. It may interfere MilhfhHp ami i< not nueonniionly 
tiaoociauxl uith blight ileprvASioti. l'hv«icai (<igii» of urgaiiio disease 
uro aliAent. Tiio (-aii«oof tliccondKionbuiiknou-n, hut it ia prohahle 
that tho abnormal sciwtiona originate In the ninnll bIuuil«t(si!«U, 
and they may bo the result of early atheroniatouji dc'gciicration. 

Acro()arae%thcbiav tnu<t bo distinguishesj from ("tracsthniao 
oceurruig ai early Byinptoina of orgniiiv iIim-usc, cs^iocialJy »ulMouto 
combinnl degeneration and |<ol)7)cunfb. lu these comhtioiu, hou- 
ei cr, beiisoiy Iom and rcllex cliaiigca na* likely to l« prisd-nt. 

The most eliccthc treatment consbtsuf nedatuea, bucIi iU]>heno> 
barbital and bromide, eumbiiicd with a \a<>oihliitor, mu-li oa ]i<iuor 
tnnitrini in to 1-minim dit-et, and aiiuill drw'H of tluroid extract, 
® g g^- i twice daily. 

hefeui:nci: 
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CHAPTER XXI 


PSYCHOLOGICAL MANIFESTATIONS OF ORGANIC 
NERVOUS DISEASE 

Tiie grow til of metlical jisychoJogy lins rendered it necessary to re- 
fstrict the scope of the psychological section of a text- book of neuro- 
logy. Neither psychiatry nor psychotherapy, as such, fall within 
the pro\ iiicQ of neurology. Nevertheless, since tlie brain is the organ 
of the mmd the neurologist has unique opportunities of observing 
the effects of ncrioua iliseaso upon the mental functions and in 
particular of studying disorders of iicrception, memory, and emotion. 
He is also conterned with the jisychoscs and psychoneuroscs in the 
diagnosis of organic nervous disease This section, therefore, deals 
w ith ps3’chological lucdiano primarily from the standpoint of the 
neurologist. 

1 . ANATOMICAL AND PHYSIOLOGICAL 
CONSIDERATIONS 

The principal dillereuco between the human and tiie sub-human 
brain consists in the great dcxclojnuent of the cerebral cortex in man. 
The cortex is, in the first instance, an end station nt which are re- 
ceived 2]cr>ous impulses derived from the eyes, the ears, and other 
sensory organs. Tlie corresponding regions of the cortex are hnked 
by association patiis by means of which the sensations which form 
the raw material of perception evoke memories and become enriched 
with meanings which can be communicated to others bj’ means of 
speech, writing, and gesture. The function of the cerebral cortex, 
therefore, as Head pointed out in relation to sensation, is primardy 
discriminative and the massive development of the cortex in man 
compared with that in the lower animals is paralleled by the great 
enhancement of Iho range of his diseriaiinativo faculties, which 
has occurred in spite of there having been little improvement, and m 
some cases an actual retrogression, of liia sensory acuity. 

By contrast there is far less difference between man and the lower 
animals in respect of the development of subcortical centres, and in 
particular of the thalamus and hypothalamus. It is these regions of 
lie lirain, basal ahliB in situation and in function, which are inti- 
mately concerned with the affective element in feeling, w’ith the 
emotional and instinctive life, and the regulation of the autonomic 
nervous system and to some extent of metabolic and endocrine 
function. The brain, however, works as a whole and there is 
a constant interplay between cortical and subcortical functions. 



h<M 1*SYC1I0L0GICAL SYMITOMS OF OKOANIC DISKASK 
Fcrception ookc.n ctiiotion and, vomcrKly, ••ihutiun (innitli’i (fic 
interest which activntM ix-nrption. 

ninv is another asjwct, however, of the rthi(inn.xhi]> fjctwi-ca the 
cerebral cortex and »iibcorticii) fumtion. DiKriininatioii, the fuiic* 
tion of tiie-coricx, implies inliibition, for, tf an cr^rani^m is to react 
appropriately to a stimulus, iniip(>rupriate muK’s of reaitinn nnuit l>c 
himultaneoudy inluhitcti. 'lliw ia true c» en at the Icrcl of a airnple 
rellex arc, it U far inuro cs,a-iitial when tiiv range lioth of [xittnti.d 
stimuli and of {wtentialrcactumshaaliwn i*o greatly cnJargwI hy the 
(leielopmcut of the urchral cortex. ‘Ilia cortex, thtrefore, arepnre-a 
inluhitorj* functions aa the complement of its (hVnaimatite fime* 
tioiuH As Head and Hnlmea hasc |KWtcd out, (he phenumeiia of 
thalamic oicr-reacfian eectn to imply that nonnally the ccrchral 
cortex exertn an mhihitur}* iiilluenre over the optic thalamus. The 
work oflian) and of Fulton and Ingraliain has »lioun that the cortex 
exerts a simdar inhihitory inlluencc over the h> pullialamus, and that 
amruali from which this biglnr tx»Mrol has Uen remoitsl exliUnt 
paruxjsmal and maasiro motor and autonomic reactions, nuch aa arc 
nonnally linkrel with an emotion like rage. 

It lias long lieen Itclicvnl that the frontal loU-s play a i^rtuntUrly 
important port in tho mental life, renllcld and Kvans Olh'lo) fuunii 
that tho maximum niiiputatiou of llio right or left frontal IoIni ]iro* 
diicvd little change in the mental life exi-ept for some imiiAirment of 
thow prooesse-s ncecasary for iilanned initiative, and Jefleron (1U37) 
concluded from 8 coxoa of unilateral fruntal loWctumy that tho rule 
of the frontal loliea m tho mental life is qunntilatiso rathtr than 
qualitaliTc. Uylandcr (lO.'W) rejioncd 32 com-s of ojicraiion im the 
frontal lobe. Emotional changes consistod of liimiiilvlied iiihibilion 
of aticctisc res])uni>es and a tvndeney to euphoria, leas often to 
depression. Clianges in {Mjchouiuior lutivity took the form either 
ofrcstlcssne.ssur of lack ofinitiatreeand interest. In the intellectual 
life the more automatic fonns of inlcUigeiuo were relntiv ely will pro* 
served, together with attention and memory, hut the higher fonns 
of reasoning, thinking in aynibola and judgement luiddetiriorated. 
All of these features were exhibited by nrickm-r’s (laid, 193'J) 
patient who was ohaerred for eight Jiars after bilateral frontal 
lobectomy. 

In the interpretation of mental symptoms tho distinction between 
positive and negative symptoms enunciated by Hughlinga Jackson 
proves as valuable os in llic itomatic sphere. A lUaonlcr of function 
may manifest itself in negatiso symptoms which are the functions 
lost, and positive symptoms which are (he outcome of the resulting 
imcontrollcil or disonleml actiiity of ports of tho ntnoim system 
which remain acthc. H will be eonvciiiciit to consider tlrst the 
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nature aiul interpretation of mental symptoms produced by organic 
nervous disease, and then to tnm to those combinations of symptoms 
or ‘pattern reactions’ \\ Inch, though to some extent variable, consti- 
tute well-defined clinical pictures. 


2. DISORDERS OF PERCEPTION 

Defect of jicrception in its simplest form is due to a lesion of the 
primary sensory pathways concerned The effects of such lesions are 
described clsew here. At the next higher level the immediate sensory 
data are integrated with memories so that objects are perceived as 
endowed with meaning Disorder of perception at this level leads 
to the various forms of agnosia (see p. 104). 

llaUucinalio}is, 

An hallucination may be defined as asensory impression commonly 
excited by an external stimulus, hut occurring m tlie absence of such 
a stimulua. The simplest form of hallucination is one which is caused 
by the excitation of a cortical sensory area, e g tiie olfactory hallu- 
cinations caused by a lesion of the uncinate gyms The patient 
usually speedily detects the intcnial origin of sucli hallucinations The 
teichopsia of migraino, for example, clearly move wnth the eyes and 
bear no constant relationship to the external world. Somewhat more 
complex iiallucinattous may occur as a result of a massive excitation- 
of afferent fibres as, for example, when diminutive figures are seen 
by a patient with a tumour of the tcmporo-spbeiioidal lobe. 

The /lalluciimes are abnormal paycliicaJ states of which halluci- 
nations constitute the predomiriarit feature. These are usually 
toxic in origin, such as febrile <le]iriuiB, delirium tremens, acute 
alcoholic hallucinosis, the baJJucinoses produced by drugs such as 
mescal, fly agaric, Indian hemp, coemne, bromide, &c , but a com- 
parable state occurs in certain individuals as an abnormal form of 
sleep. The hallucinations may bo expcnenced within the realm of 
any form of sensibility and may be extremely elaborate. 

The occurrence of hallucinations depends upon a disturbance of 
the mental processes by means of vthicli we distinguish between the 
objective and the subjective in our experience. In normal adult 
v\ aking life there is no difficulty in making this distmetion, indeed 
it is already made. Certain images are externa fizccl; others are not. 
In childhood and among primitive races the distinction is less clear- 
cut, During dreams images of subjective origin are externalized and 
rlrcams have all the characteristics of iiallucinations. Although the 
wjiole content of the dream is a product of tlio subconscious mind 
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certain images are regarded as external to the ego, while other mental 
states are still eiiierieneed as subjeclire. Moreorcr, an exlemaJ 
stimulus such as a sound, on reaching consciousness during sleep, 
may become the nucleus of an hallucination, being mwpcrc-eived. 
In the Lalludnctees the mental state of the patient is similar to that 
of a person in a dream and images of bubjcctice origin are externa- 
lized, bat since he is awake the resulting hallucinations mingle with 
a confused perception of the externa! world, anil external stimuli, 
being more plentiful than during sleep, readily become the basis of 
illusions. Moreover, the patient is not, like a sleeping iicrson, a 
passive percipient, hut may respond by action to the illusory events 
which he witnesses. In certain states, such as mescal poisoning, 
perception of time and space may be disordered and synacsthesiae 
may occur, as, for example, when the perception of musical notes is 
accompanied by hallucinations of colour. Sleep liallucinosis forms 
a link between normal dreaming and the haUuunoses occurring in 
toxic states Hallucinations in .schizophrenia seem to be the prtxluct 
of a disturbance of mental function similix to (hat occum'og in the 
hallucinosea jubt desenbed. 

Hallucinations ate not very commonly the result of focal cerebral 
lesions except thoae of a crude kind already dcbcnbttl as due to the 
excitation of cortical sensory' area.^, but may occur in states of con- 
fusion produced by intracranial tumourd or vascular legions. 

Delusions are usually regarded as distinct from Lallucinaiions, 
a delusion being defined as an erroneous belief which cannot be cor- 
rected by an appeal to reason and is not shared by others of the 
patient's education and station. Kevertbeless, a delusion, though 
clearly a more complex mental state than an hallucination, involves 
a su^lar failure to distinguish between subjective and objective 
elements in experience. Delusions appear to be frequently the 
outcome of a pcrverte<l attempt to find a reason for an emotional 
state. Thus the grandiose delusions of a patient with general para- 
lysis may be a rationalization of his ctiplioria. Apart from the 
dementias, delusions are not often encountered in organic neurology. 

3. DISORDERS OF ilEMORY 

ilemory may be dcfinnl as the power to retain and recall past 
experiences. A Lttle reflection, however, will show that memory 
thus defined includes functions of diflering ccauplexity. Perhaps the 
simplest form of memory is that involved in remembering a series of 
digits or a passage of meaningless jargon. In such an act of recol- 
lection or mechanical memwy there is little empha.sis upon the 
‘jiastness’ of what is recollect^. Tlie emphasis is rather upon tlie 
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pcFftistenco into Uio present of a serica of acts wiiicjj have become 
habitual, perhaps through repetition. In such an act of remember- 
ing there is nothing more than the three fundamental elements of 
memory, registration, retention, and recall. Compare this, lion ever, 
with the recollection, evoked by a place or a scent, of a single past 
experience fraught witli strong emotion. Such an act is imtiated by 
an associative process and there is considerable emphasis upon the 
‘pastness’ of the experience by contrast with a present in which it is 
no longer occurring. 3Ioreo\ er, of tn o such episodes in the past one 
is remembered os having been experienced prior to the other, bo 
that arising out of the function of memory is the experience of a per- 
sonal past time as an extended dimension in winch past experiences 
bear a constant and linear relation to eacii other. Furthermore these 
past experiences aro all felt as being the experiences of the same 
person, hence it follows that memory is essential to the experience of 
personal identity. 

There is also a function of memory w hicb seems to bo intermediate 
between tiie reproduction of a passage of jargon and the recollection 
of an isolated incident. Tiiis is the recall of an image built up os a result 
of repeated experiences as, for example, that of a house or a person 
with whom one is familiar A similar function of rcmcinbering enters 
not only into the act of representing to oneself the familiar house or 
face in its absence, but also into the act of recognizing it when it is 
presented to one again. 

The following table (Gillespie) enumerates the factors involved in 
remembering and the conditions in which they may become dis- 
ordered. Loss of memory is known as amnesia. 


Factors in remembering 
(a) Registration 


(6) Retention 
(c) Recall 

( 1 ) simple and ele- 
mentary 

12) ss a valniitsry 
act 


(d) Time sense 


(e) ‘Fastness’ 


Conditions in which these factors are inter- 
fered with or appear in isolation 
Acute orgamc reaction type (delinum); 
mantc oxcitement (inattention); iiyetena 
(global mattcntion) 

Organic reaction type in general 

Organic reaction tj-pa {s6\ero degree) 

Fsjchogesie txmditions, og., hysteria; cer- 
tarn fonns of organic reaction typo, eg., 
trauma to the Jiead ; KorsakoTv’s psycliosis ; 
epilepsy 

Various psychoses with d6per8onaIization( f ) ; 
Korsakow’s psychosis (amnestic symp- 
tom-complex) 

Epdepay (d»j& vu); anaesthetic states 
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Factors in remembering CondUiont in tchich these factors are inte- 
fered tcilh or appear in isolation 


jamso oi^ans^ rcactiou lypea 


geneniJ; p-^c})Pgcn3c 
conditions 


(/) AssociattoBSde4crtnjnedI»y|!^|^^ 

Viotcrcaia 

( 3 ) Imagerj* (‘extracted KorsaUow's psychosis; carJy senile dementia 
imagea of Bartlett) 

(A) Personal identity Hysteria; depersonalization in varioua psy- 

(aworeness of) choscs 


(a) EegUlration Defects of registration are usualls' duo to dis- 
ordered attention, such as occurs in severe psychotic states and in 
delirium. 

(fc) Eettntion. Failureofretentionis probably the principal factor 
in the defect of memory irbicb is a symptom of difftise organic cere- 
bral disease, such as arteriosclerosis and head injury. It is character- 
istic of such states that the remote past is remembered m hits the more 
recent past is forgotten. Failure of retention is certaudy a factor in 
Korsakosv’s psychosis, (itough prohabiy not the only factor respon- 
sible for the defective memor>% 

(e) Becall. It may be ddScuIt to distinguish between a defect of 
retention and a defect of recall, (be tendency being sometimes to 
attribute to lack of retention a difiiculty in remembering which is 
actually due to lack of rccalL This applies to retrograde amnesia la 
some cases. For example, during on interrsi of consciousness shortly 
after a head injury the patient may I>e able to desenbo how his 
accident occurred, though later he may state that he can remeniher 
nothing about it. He may further fail to recollect it when it is de- 
embed to him, although the memory may be recoverable under 
hypnosis. If a patient fails to remember an episode, but can recog- 
nize it as having occurred when it is described to him, the amnesia 
IS clearly due to a defect of recall and not of retention. Simple 
fatigue may be responsible fora defect of recoil as a cause of amnesia. 
The psychological function of repression also operates as a factor 
inhibiting recall. Slemories repre^-sed include tiiose which are jjainful 
in a crude sense, having been the cause of physical or emotional shock 
when the events occurred, or they may be repressed as being in- 
compatible with the moral judgementa wliich express the ideals of 
the conscioas self. Eeppeesioa is thus a form of psycbolo^cal tlis- 
sociatioa which is seen in an extreme form in cases of multiple 
personahty. The simplest example of this Is the fugue, an episode 
in which an hysterical person loses his sense of personal identity 
and wanders aw ay from home for days or, rarely, for longer periods 
and on recoveiy has no recollection of the events of the fugue. 
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Tho patient may bo able to recall them, Ijowever, under hypnosis. 
Such individuals may bo regarded as dual personalities neither of 
which lias access to tJie memories of tho otiicr. More complicated 
memory relationships may occur in persons with three or more 
personalities. 

{<1) The Time Ordering of Exjp&rietux. As already stated tho ex- 
perience of a personal time is based ution memory and w ill be defec- 
ti\ e w hen memory is impaired as in Korsakow's psychosis. 

(c) ‘ Pashms'. Gillespie employs this term for tho quality in virtue 
of which a past experienco is recognized os past. Whatetxnts basis, 
the existence of such an element in memory is sliomi by the fact that 
it may become inappropriately attached to a present experience, 
which is then felt to have been experienced before. This false sense 
of familiarity, tho d^jd ea phenomenon, though not uncommon in 
norma] jieople, is particularly charaeteristie of epileptic attacks 
originating in tho uncinate gyrus. This region of tho brain appears to 
bo closely linked with tlio function of memory. The peculiar potency 
of the olfactory sense in evoking memories is well known. Uncinate 
attacks, os Wilson showed, may cause, in addition to the character- 
istic olfactory hnllucinations and motor accompaniments, four 
varieties of memory disturbance: (1) tho dijd vu phenomenon, (2) a 
sense of imfaiiiiliarity attaching to familiar surroundings, (Sj an 
intense revival of a long past experience, or (4) tlie reproduction in 
memory of long periods of tlio patient’s (last life. 

(/) Associalice Functions. Loss of associative functions probably 
plays an important part in contributing to defect of memory m 
di/Tuso organic conditions and io psyche^enic amnesia Association 
witii a repressed idea may be tbo cause of amnesia for another 
idea which, in itself, does not appear to be a source of emotional 
stress. 

{g) hnagery. Tho contribution of memory to tlie construction of 
images has already been described. It is diMcult to isolate this ele- 
ment in remembering, clinically, but it would seem to be an important 
factorinrecogintionaudishkelytobeimpairedin conthtionsin which 
tho patient fails to recognize familiar objects, the various forms of 
agnosia. 

(h) i’ersonal Identity. The loss of the sense of personal identity 
may be due either to a screre disuttegratha of the hjghest meats/ 
functions, such as occurs in advanced dementia, or to hysteria, m 
which long periods of the past life, even the whole of it, may bo the 
subject of amnesia. In hysterical infantiJisn), however, the patient 
usually preserves the power of speech and ordinary adult habits, 
thus exhibiting one of the discrepancies so characteristic of 
hysteria. 
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Tests of Jlemory. 

It wiU be clear from nliat has lieeo said that the function of rc^ 
metnberiiig cannot be adc<juately tested by means of the ordinary 
simple tests which usually inrestigate the patient’s power to retain 
and recall a series of digits or amilar data. Inquiry must also be made 
into the patient’s power to recall the events of his past life, both 
remote and recent, as well oa his capacity for mechanical memory as 
illustrated by the recollection of passages learnt by heart. Other 
tests designed to investigate other functions of memory described 
above will suggest themselves in particular cases. 


KORSAKOWS PSYCHOSIS 

The cbaractenstic feature of Korsakow’s psjchosU is a certain 
type of amnesia. The patient has a gross defect of memory for recent 
events so that he has no recollection of what has hnpx>encd even half 
an hour previously. Ho is disorientated in sjiaco and time and he 
fills the gaps in his memory by confabulating, that is by giving 
unagmary accounts of hU activities. Thus a bedridden patient will 
desenbe a walk which ho asserts ho bos just taken. 

It baa been thought that the amnesia ofKorsakow’s pajehosis 
was due primarily to a defect of retention, but this is probably not 
the case, since the re«ponse to retention tests may be fairly sati8> 
factory and it has been observed that a patient who has recovered 
from Eorsakow's psychosis may retolleet events after liU recovery 
that he did not appear to notice at the time. Some defect of reten- 
tion, however, is probably present in severe cases, but Gillespie 
suggests that the main factor in the uiemory disturbance may bo a 
failure to extract from the moss of perception the images nece&sary 
for memoiy. The defect of appreciation of time is secondary to tlie 
amnesia. 

Although Korsakow’s psychosb is seen tjqncally in chronic al- 
coholism, associated with polyneuntw, it may be the result of very 
varied pathological agencies. Oilier toxic, or deficiency dUeases may 
produce it, such as arsenical polyneuritis, pellagra, and subacute 
combined degeneration. It may also occur in patients suffering from 
cerebral arteriosclerosis, senile psychoses, and intracranial tumour. 
Though it 19 usually encountered during the pha.se of increased 
intracramal pressure due to intracranial tumour, I have known it 
follow the sudden Ion ering of pressure caused by the removal of a 
subtentonal tumour. 

Tbo treatment of Eorsakow's psychosis is that of the underlying 
disorder. (For prognosis and treatment in alcoholiam see pp. 007-0.) 
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4. DKOllDERS or MOOD 

As I1.13 already been btaied, tlio thalamus ami hypothalamus appear 
to bo the centres concerned in the regisfrafion of emotion and the 
integration of the accompanying bodily cliaiigcs It is to disorders of 
this mechanism and of iU refationslu'p with higher levels of the 
ncr\ oils sjstem tliat wc must look for the explanation of disorders of 
mood occurring as a result of oi^anic nervous thscase 

1 Emotional Inslabilitff. 

Emotional instability or lability is a very common symptom of 
nervous flisoascs, cs£>cei«IJy of tlioso in which the lesions are diiluse. 
Tho patient is easily movwl by nlmCKt any form of emotion. He is 
easily irritated or angcrtsl, easily becoii>e.s apprehensive, is readily 
depressed or reduced to tears. Less often, he experiences pleasurable 
emotion witli abnormal facility and is readily inovijd to laughter. 
Emotional instability of this kind U commonly encountered after 
head injury and in elderly patients ivith cerobraJ artencwclerosis. 
It is frequently pre.scnt in the early stages of dementia, how* 
ever produced, and i.i highly cliaracicnstic of tiic later stages of 
disseniinatcd sclerosis. Tho animal experiments already quoted 
suggest that tins c.vaggerate<] cmoljonal rcactivjty common to 
so many disorders is t)io result of an impairment of tho control which 
higher lovcb normally exerdio over tho thalamus and LypotJialamus, 

2. Impulihe Disorders of Conduct. 

Tho emotional instabibty described in tho previous paragraph does 
not usually lead to disorder of conduct, perhaps because conduct is 
normally more strongly inlnbitcd than feelmg. Exceptionally, 
however, impairment of higher control releases emotions which pass 
into action. This most often happens in children or adolescents in 
whom the control ofimpnUive action, whichitisthoobject of educa- 
tion to impose, is as jet incompicto. ‘Hio misdemeanours and acta 
of violence sometimes committed by children and adolescents who 
have had encephalitis Ictbaigica arc examples of this, and similar 
acts may bo committed by epileptics, either before an epileptic 
attack or'in tho phase of post-epileptic automatism. 

3. Emotional Apathj. 

A general loss of emotional responsiveness w ithout a proportionate 
intellectual deterioration is most cliaractenstically seen in associa- 
tion w ith Parkinsonism due to encepliahtis lethargica. /In view of tho 
Icnown predilection of the virus of tliis disease for the diencephalio 
grey matter, it is reasonable to attribute tho apathy to injury to the 
centres concerneil in the emotional life. A similar picture is seen 
3u 
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as&ociatod with ucatal (ictcrioration in the Jatcr btages of dementia 
from any cause. Hero it is probable that the apathy is in part, at 
least, secondary to t lie deterioration of thought and perception. Tlie 
apathetic patient Ws all his former interests and affections and, 
lacking the dnvo of the instinctive bfc, ho becomes incapable of 
effort and sinks into a vegetative existence. 

4 Etiphona. 

Euphoria is the term used to indicate a mood cliaractcrized by 
feelings of cheerfulness and happiness, a sense of mental v. ell-ltcing. 
Transitory euphoria is induced in many people by the to/isiimj>tion 
of alcohol. As a prcvaihng mood, it is seen most charactcrUtically in 
ths^scminatcd sclerosis. Many suffercTS from this disease remain jier- 
siatently serene and happy in spite of their increasing physicsil 
disabilities. Euphoria is also cnconnteroil occasionally in patients 
vnth intracranial tumours, e.spcciaily vrlicn the tumour is situated in 
the temporal lobe or, less frequently, in the frontal lolas or corpus 
callosum. Euphoria is not uncommon also in general paralysis and 
istheiircdominatingeinotionalstate in themilderdegrcesof maniacal 
excitement. Tltc psycho-phy'slological i><isiB of ciipliuria is little 
understood. 

5. J)tpre4sxon, 

Depression may bo regarded as the op]>osito of euphoria. It is a 
mood of dejection and gloom for ulilcb frvfiuently the patient enn 
offer no explanation. It is cnioimtercd in a variety of states. It is 
sometimes produced t>y infections, csi>cciaUy inffuenaa, and the 
baciUiiscoIi. It may boa reaction to an adiv^ua to e.vtema}cau«e, such 
as failure or bereavement, or a neurotic reaction to internal djiGcub 
tics. In sufferers from cyclothymia depression is liable to occur as a 
recurrent disorder of iuckkI, Miinctimcs alternating with phases of 
excitement, though often these are no more than a nuid general sense 
of elation. In cyclothymic individuals the dejircssion is likely to !>c 
a.ssociated with some mental retardation, manifesting itt>eif in a 
difficulty in concentrating, and with insoninia and loss of apjtctitc. 
Dcpresaion also occurs as the predominant fcatura of involutional 
melancholia, in which it is often associated with agitation. Patients 
suffering from psj cholic dejires&ioQ in a severe form not uncommonly’ 
have delusions of guilt or of a hypocliondriacal nature. Depression 
is a mood w hich is common inpatients Mifferiiig from organic disea.se 
of the brain. ' This may be in part a natural reaction to their dis- 
abilities and it is most likely to oociir in individuals of a eyclothyiiuc 
temiierament in whom the nervous du>e«.sc may be reganleil as having 
released a pre-existing tendency to depression. Thus we entountcr 
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(!cj)rcssion tominonly ufipr hcail injury, in a niinority of paticiilw 
snllcring Iroin (lKsciuiiiatc«l sclerosis, ami t.ometiincsin patients with 
intracranial tumour or general psuolysis. 

< 5 . Anxklij. 

Fear is tlio emotional reaction to an imminent ilangcr , anxiety is 
file reaftioJi to n po.whlo future danger— fear linked nith anticipa- 
tion. Anxiety may ho proihiml in a variety of ways. It may, of 
e()ll^^e, Ik) a normal emotional reaction. It may bo tlio effect 
of certain toxins which appear to stimulate directly the nervoua 
tvntrcs concerned. These arc all toxins whicii have a stminlatmg 
effect upon tlio sympathetio nervous s;^stcm, namely, adrenaline, 
eplKMlrmo, benzedrine, nicotine, and thyroxine. .^Vnxicty may ho the 
prevailing moixl inixitienta suffering from organic ilk'Cawjofthehraui, 
for example, following head injmy, and it is then probably in part 
the outcumo of dimiuisluil control of emotional reactions by higher 
centres and in part a reaction to tho dmhility praluced bv the injury 
or discaxo Fear may l>o xcry evident in ilelirions states, wlien it 
appears ii.s tlio rcsictioa to terrifying hallucinations, ainl may lie linked 
with depres-sion in involutional melamholia. In very many cat-os, 
hoaevtff, anxiety is psychogcnio— that is, it is a symptom of neurosis. 
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5. OEJIKXnA 

iXnantia t% tlio Icmi nppliwl to » iJckrioratiuii In tlic nient-il 
functions inamfc'.ting itst-lf primanly in tlionglit uml iiii-mory nml 
bccondarily m feclmg iinil fonduct. it may !« jirwimvcl Ly a Urirc 
niiml)CT of piithnlogiLalngt-nciwAml tiiccliniial jiicturu tancs soinv- 
%vh.il nrconling to tho iirv\iou* tciu|icraiiic-iit of llai ]kitient, the iigi* 
of the localization, rate of j»n»grcj«, and naltiti: of tins caii-sil 

disorder. 

Symptoms. 

1 JuJ'jt)ntnl nnii /{taMiitHy. 

Tltc earliest di.-uihdity ia often an mi|utrmont of judgement and 
reasoning manifesting itself in ii failure to gni«(i the meaning of a 
sitiiatiua u« n oholc niid lienee tu n-act tu It uppropnatrly. At thm 
stage a timn’*( hnsinev4 jiidgcnicnt la-gin< t« fatl, though in thf«n;i- 
Aiitomatic aclititie# of hfo no dcfi'ct may he notiitsl, 

i. Jfoaory. 

Mmctfj' bci'oinca imjuiiml, tho rreoDertion of fc-reol ctenta 
eulTcring mora than that ofiarly {•cricaU of life (sec p. SUl). Etcti 
ulien loth an; gros<ly defcc^Uo, mechanical memory may remain 
fur A time. In more severe st.igv's of dennntia, dofes-t of mcuinry 
linked with defective (Krcvpluui k'a<la to disorientation in s]i.ic«und 
time. 

3 Tf>e Emotionnl Lif<, 

Although ill some {Kitienls tho rmulional lifu is little ilistiirU'iI, 
in others imjuiinncnt of higher control ie.-i> Is (u cmofionAl inst.-vhiliiy 
which fintls ecjtression in imUlnhty and iinpuLsiw conduct. Acts of 
violence, alcohohccxcess, andsoxunlalicmtioa-i am thus explained. 
The prevailing inuo<l may Iw one of cuplinria, with httariciusncs.>i ami 
hyjicroctivity, dejirevion, unxieiy, or inuniucal exutement, and will 
be intluemi'd hy tho pre-existing |>sjchuIogicai cvnvtitutioii. In the 
late stages, tho jiatlciit is apathetic. 

4. Delusions. 

Delusions arc tho outcome of emotional dt«onler, as.<K>ciiitcd with 
impairment of juilgcmeiit and defective appreciation of reality. 
Delusions centred on the self are likely to Ito grandtase in a state 
of euphoria and self-condemnatory or hyjwihondriacal in a state of 
depre^xion. Delusions n^arding others are often hostile and express 
fear, suspicion, or jealousy. 
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5. Care of Ike Person. 

In tlio later stages of dementia tlje patient becomes careless in 
ilrcss and in i)crsonal cleanliness and finally incontinent. This may 
be attributed at first to a decay of Iho J>elf-rpgarding sentiment and 
later also to the lack of jierception. 

6. Speech. 

In the later stages also, sjieech tmdcrgoca a projrrcssivc disintegra- 
tion. Tiiough tliD forms of aphasia caused by focal lesions of the 
brain may be present in dementia, there is also a destruction of the 
speech function as a uliole, so that sjicech becomes increasingly 
meaningless and ends in jargon or isolated words or jihrases, ' logo- 
clonia’. Agnossia anil apraiia may also develop. 

7 Physical Concomitanls. 

The condition of the somatic nervous functions miU depend upon 
tho causal disorder, but, wbatover the cause, there js usually ageneral 
physical deterioration \\ itb loss of weight ami depression of endoenne 
fimction. 

Aetiology. 

Tho causes of dementia arc: 

(1) Syphilis— general paralysis, cerebral meiiingo-vasciilar 

syphilis, icc. 

(2) Cerebral arteriosclerosis. 

(3) , Tho prcbcmlo dementias — a mi.\ed group of degenerative 

diseasca of unknown origin — Pick’s <lis,ease, Alsheiiner’s 
disease (presbyophrenia), Jakob-Creutzfeld’s disease, Hun- 
tington’s chorea. 

(4) Intracranial tumour. 

(5) JTon-syphilitic inflammatory diseases — encephalitis (various 
forms), intracranial abscess, meningitis, disseminated sclerosis 

(0) Intoxications and deficiency diseases— al^holisni, drug 
addiction, uraemia, aahacvte oiuibined degeneration, pellagra 

(7) Dementia supervening upon other chrome psychotic states 

(8) Epilepsy. 

(9) Injury to the brain. 

Since in most of these disorders the dementia is an inconstant and 
.sometimes a rare symptom, an account of them must bo sought in 
the appropriate sections of this book. Tlie presenile dementias, how- 
ever, which, with tho exception of Huntington’s chorea, arc pre- 
dominantly mental disorders, are most conveniently considered at 
this point, and also will provide an opportunity of considering the 
diagnosis of dementia. 
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The pBEi>EMl.E D£iiE>ms 
Alzhfinitrt Dlffast. 

Alzlicuiier'ft dtscoso h a prw^**i\D ct-rebral dogcnc-mliun with 
the piithologfcal iiicture of imunut^ in i«kW3l’ Jifr, T}j« 

cva-iit lal k-'ioji H a (hllitwi <h gtnt-talion of tlic rerehral cortex iii\ olv- 
iii^ all Its Ujers and most marked in iho frontal Io1>cs. 'ilic bu-al 
ganglia and the cta-bc-lfum CkcAiw- Uto bniin w atropfiic. Ifisfo- 
logu alh , iKJsidt s dfgcncratiou of iho ganglion cells of tho eortox there 
IS a pnifiwon of k'HiIc plaques in llio cortex, 'riieso arc wh cr-«tain* 
mj masses, often ring- or stnr-diojttsl, and proliably of hcumgliul 
origin In addition, there are mlruticural fihnllary tangles. Tlioac* 
( )iiingc3 are ri'gardid as characlcri-'tic of .senile digmcralion of the 
mrlex Their oeiiirrciu-o hi middle age i* micxpLaiiiwl, but tlitru 
v.ems no <loubt that Alzhihiur's dL-sJ-iie U evsintially premature 
'orchral »emlily. 

.Alzluimer's disca«c dciclops Iwtwwn llic agvi of 40 and CO. Tlie 
HMiiptoms are tho-s} of u progrcssiio dementia with apraxia and 
pfK'och disturbances. The oustl ia insidious. In tho early sUgui tho 
patient sutlers from loss of incmora* aud liecuines curcIcM in iln>M 
and condiKt. Epileptiform atlacka may occur. li]iccch Iwuanra 
shirred, and llicro U dtiHcuhy in rocalltng worils. s\s the duenso 
progreascs tluru is eoinplctc ilisoriciitation. Tho jialicnt roeognucs 
none of his friends, l>ccotncs rrstliss, and may wander aliout. A 
progressive detiric/ration taki^s place m iho faculty of siwcch, wiiirlw 
from ]iaraphasic taikatucuexs, becomes reduced to Uolated words 
and pbm^, so-called higocloida. Aloicmcnts becomo iltreolyinsJ 
and tho sucking rctlex is ofteiulieitable. ic contractures usually 

develop. Tlio duration of Ihc «lisc.'u« U from one and u half to thirteen 
jears. Treatment <lacs not inttueiico its eoiirssj. (For the diagnosis 
of dementia kh; p. 003.) 

Picl's Disease. 

Sijnonym'. Cirtumscribed iwlKnl atrophy. 

Thw condition is charactcnzccl by cirumiscrilasi atrophy of the 
cerebral cortex, usually coiilincd to tho frontal and tcin|»ral regions. 
The upper t^-o cortical Iai>ers are |irimijiaUy affected, exhibiting 
chromatolysU and diMppcaramo of ganghon eelU. Tiiero is some 
ghalincrease in the atrophic areas, but wuilo plaques and intrancunil 
fibnb are absent and arteriosclcrusts pla^s no p.irt in eau-'uition. 
The cause of tlio disease is unknown, Jt may Ijo toxic in origin ora 
fonii of primarj degeneration dc\eloping in niiddlo life. JIuJUple 
cases have been descnbeci m oncsibslnp. Tho age of onset is usually 
between oU and 6d. and tlie disease has a duration of from three 
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to tw cl\ e j ears, alw a3’s tenninating fatally Females are said to be 
affected more often than males. It is cliaracterjzed by a progresbivo 
dementia and aphasia. Restlessn€^bsand loss ofnonnal inhibitions are 
prominent in the early stages. The patient is often voluble and tends 
to make jokes and puns. At first the more abstract intellectual func- 
tions suffer, but the more concrete typo of behaviour is well-pre- 
served aiul the patient emotionally accessible Later, mental dull- 
ness becoinca iironounced and epileptic attacks may occur Speech 
is reduced to a few stereotyped phrases In the terminal stages theio 
is much loss of weight, and the patient Incomes bod-ridden and tends 
to dcvelojJ contractures. 

The Diagnosis of the Cause of Dementia, 

The cause of dementia is sometimes obv ious, as w hen the condition 
follows liead injury, acute encephalitis, epilcpsj', or chioiuc alcohol- 
ism. Dementia of eyphiliiic origin, whether due to genera] paralysis 
or meningo- vascular syphilis, is associated with chara(.teristic scro* 
logical reactions and usually with abnormal physical signs m the 
nervous system. In cases of intracranial tumour the history is usually 
short and the course of the dementia sleadily progressive The 
diagnosis is easy if symptoms and signs of increased intracranial 
pressure are present In their absence an encephalogram is often 
necessary. Arteriosclerotic ilcmeiitia is usually encountered after tiio 
age of CO. The onset is usually insidious and there is often a history 
of focal cerebral vascular lesions, slight strokes. Evidence of arterio* 
sclerosis is to he found as a rule in the retinal and penpheral 
circulation, with or without high blood-pressuro The differentution 
of the prescnile dementias may be difficult, Tlieso usually begin 
between 4.'5 and CO. The commoner causes of dementia can readily 
be excluded Encephalograms demonstrate some general dilatation 
of the cerebral ventricles with an excess of air over the anterior part 
of the hembphercs in Pick’s disease, but more diffuse in Alzheimer’s 
disease. Earl}’’ psychonjot or restlessness and jocularity and a tamily 
history of presemlo dementia would favour Pick’s disease as against 
Alzheimer’s disease 
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CilAPTKB XXfl 
THE NEUROSES 
1. IIYSTEUIA 

Dejinition : A neuro^Ia charactcrizcti by mental ilKBOcintion leading 
ill severe eases to multijile personality aiul amnesia, but nioie often 
to soiuatio symptoms such aa convulsions, paralysis, and sensory 
disturbaiicea m the absento of orgamc disease of tlic nervous system 

Aetiology. 

In hysteria the typo of abnormal reaction exhibited by the patient 
13 determined by the peculiar tendency of the hy stcrical personality 
to mental ibssociation. In rcsjionsu to mental stress of a kind to be 
described later, the perisonality becomes split, certain psycho-pliysio. 
logical elcmcnta becoming separated from tiic conscious bfc of the 
individual. In the most bcvcro eases the Uissociateil part of the 
mental life is so extensive that the patient may be regarded as 
suffering from multiple personality, since ins boily is at different 
times under the control of different jicraonalities, winch exhibit 
differences in tumpcranicnt and which may or may not have access 
to each other’s memories. A simitar [irofound mental dissociation 
is responsible for the state known as hysterical fugue, in which the 
patient disappears from home ami ivanders aiioiit, iinving hsl i>26 
sense of identity. Dunng the |)criod of fugue he has no aciens to the 
memories of Ins nonnal jicrsoMohty, and on recovery he may have 
no recollection of the events of his fugue. Such profound degrees of 
dbsociation are, liowever, imcomnion, and usually the sjilittmg of 
the personality finds c-xprcssion at the physiological level, part of the 
body being functionally’ cut off from the rest of the mental life, so 
that the patient is unable to move it or to feel with it, liy&tcncal 
paralysis or anaestliesia resulting 

Tlie nature of the hysterical tendency to disbociation is little 
understood. It apiicars to be associated witli a peculianty of the 
emotional life of the hysterical patient, nio poverty of the affeetTve 
reactions of such individuals is well known — la belle indifference of 
Janet — and Golia Jias sIiomti tJiat in spite of the violenco of tiieir 
somatic reactions the psycho-galvanic response to nocuous stimuli is 
greatly depressed in hysterical patients Tlie undcrlyingabnormahty 
which finds expression in liystcria may well in many cases l>c inborn 
or at least may’ dev elop at an early’ age. Women suffer from hysteria 
much more frequently than men, and most hysterical indiviiluals 
are relatively unedueated 
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The ilodeoj Proiiuctlon ofllyslerimlSninjjloim. 

The lij'itcrical sj-mptom is at> the same time (1) a prcHluction of 
suggestion, (2) the exprc’ision of an idea in the patient’s mind, and 
(3) a means to achieve a purpO"*. 

(1) The precise nature of atj hysterical symptom in a given case 
IS usually, probahly aiua>s, determined by suggestion. Xho sug- 
gestion frequently emanates From an organic disorder from nhicli 
tiie patient actually suRers. Tiius laryngitis may lead to aphouia, 
which 13 perpetu-ited as an hysterical s^Tuptoin. Accidents of all 
kinrls, for reasons winch arc disctisi^l elsewhere, are apt to causc 
hysterical symptoms which perpetuate or exaggerate the disabilities 
produced by an injury. A doctor, nurse, or friend of the jiatient 
may unwittingly evoke an hysterical symptom by seeming to imply 
that a disability is to bo expected. Finally, the symptom may he 
an imitation of an organic disorder lu a jx^rson whom the patieut 
has seen and with whom for some reason heidentiScs liiui»elf. 

(2) Suggestion operates through the patient’s acceptance on irrA> 
tional grounds of the idea that be is suffering from a certain sy mptom. 
It follows that the hysterical symptom is always the expresaiem of 
an idea in the patient’s mind. ‘Tims hysterical aphonia expresses the 
idea ‘I have lost niy voice’, hvi-terical paralysis the idea 'I cannot 
more my limb', and so on. This fact is of great diagiiostio impor- 
tance, for it is impossible that the FMtlient’s idea of n syiniiioio sliould 
correspond witli a gimdar symptom produced by organic disease, 
.-ind the resulting discrepancy renders ]>ossible the diagnosu of the 
one from the other. 

(3) Tlie purposive character of the hysJmcal symiploni Is of great 
importance in connexion with treatment. Tlie purpOne ^med by 
the symptom can usually be cxprc.-oUHl as the unconsdoiis solution, 
however unsatisfactory, of a mental confiict. The patient finds him- 
self in a situation in which a course of action which ho desires to 
follow conflicts with his sim&e of duty or of self-respect. The develop- 
ment of the hysterical symptom unconsciously solves this conflict, 
though at the price of a neurotic disability. For example, a girl w ah 
compelled to gi> c up her wewk to look after her invalid niotber. bhe 
de\ eloped an hysterical paralyus of her ngUt hand w liich prcventeil 
her from doing housework, and a&vislance had to bo obtained to 
look after both her motber ami het^^lf. Her hysterical illness savwl 
her from her unpleasant duty and at the saiuo time preserved her 
bclf-respect, since she felt that no-otie could blame her for lieliig ill. ,\t 
the same time she ceased to do any work at all, imconsciously revenged 
herself on her exacting parent, and became an object of sjiujiathy 
to thosewithwhom she camein contact. It is important to recognize 
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IX Hi 

The ilode f>f Proiuclion of U^UriadS^iiliiitit. 

The h\'tcnciil symptom w at tlie fcaine time (1) a jinxiiiction of 
(2) the ciprcs.-ioa of an Idea in tlio patient's mind, and 
(3) a mcanj to achieve a piiqxMi. 

'!) The preciM natore of an lirstcrical svinptom in a giten case 

U'Ually, pmhablt’ always, dciennined by suggc^^tioii. Tlio wig* 
tre«.tif>n &vqucDtlj' emanates from an organic di>ynlcr from which 
tlie fwtient actually wiffcrs. Thus Uryngitis may lead to aphonia, 
whuh la pcrpctuatwl aa an h\Hterical semptora. Accidents of all 
kind.', for rca.'ona which arc dUcussed elacwherc, are apt to cause 
hjatcncal sjmptonis which perpetuate or exaggerate the disabibtics 
produced by an injurj*. .4 doctor, nurse, or friend of tlie {uticut 
may unw itlingly evoke an hj 'tciical symptom by seeming to imply 
that a disability is to lie expected. Finally, the symptom may l« 
an imitation of an organic dcsorder m a person whom the jutient 
ha<socn and with whom forsomc reason he identifies htmscif. 

(2) Suggestion ojicrates through the jialicnt's aecepUnce on irra- 
tional grounds of the idea that he » suffering from a lertaio symptom. 
It foUowa that the hysterical symptom U always the expresaion of 
an idea in the patient's mind. Tints fayetcrical aphonia expresncs Iho 
idea ‘I have lost my voice’, hysterical poralyris the idea '1 raonDt 
move my Linb and so on. This fact U of great diagnostic tuipor* 
tance, for it is impos-Iblc that the patient's idea of a symptom should 
correspond with a similar symptom produced by organic di2ea>e, 
and tlie resulting diHiepaocy renders possible the diagnosis of the 
one from the other. 

(3) The purpOBice character of the hy.'tencalsynuptoia ia of great 
importance m connexion with treatment. The pur|>oso sorxed by 
the ayiDptom can u.«uaUy be cxprea«ed os the tmconsdoiis solution, 
however unsatisfactory, of a mental conllict. Tlie jatient finds him- 
self m a situation in which a course of action which he deaires to 
follow contiicts with lus sense of duty or of .>>elf-respect. Tlie develop- 
ment of the hysterical ^mptom unconsciously solves tliis conllict, 
though at the jirice of a neurotic dL'ability. For examjile, a girl was 
compelled to give up her work to look after her invahd mother. She 
developed an hy stcrical paralysis of her right hand which prevented 
her from doing housework, and assistance had to be obtamed to 
look after both her mother and her^If. Her hy aterical illncas sat cd 
hex from her unpleasant duty anti at tlie fame time preserved her 
self-rc'pect, since she felt thatno-oneconLlblamehcr for being ill. .\t 
the same time she ceased todo any work at olbunconaciouslv revenged 
herself on her exacting parent, anrl became an object of hynipatby 
to those with whom she came in contact. Jt is important to recognize 
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that liystcria may fulfil other pnrposea than the solution of such 
n conflict, and that one ayinptom may achieve more than one object. 
The symptom frequently expresses a demand for sympatliy, especi- 
ally n lien the patient fcela tliat he is neglected or insufficiently appre- 
ciated. Tyrannical jiarenta and unfaithful spon&es excite such a 
demand directly, nhilo invalid parents and dehcato brothers and 
sisters evoke it comjietitivcly Tlie hysterical symjitoin frequently 
posse&ses the further significance of being a symbol wlneli expresses 
the patient’s feehiiga example is the adoption of a crucifixion 
attitude in an hysterical fit 

The patient sufTcnng from liyslena is thus pnmanly an indi\ idual 
confronted uith a mental »h//iciiJty, often a conflict betKccn t«o 
opposing impulses. WfiUo ui this situation he receives a suggestion 
of ill health oiuanatuig either from an actual organic disease or from 
some outside sourco. He accepts this suggestion and manifests s- 
terieal symptoms wliich provide a solution, albeit a pathological 
and unsatisfactory one, of his difficulty, and may also express in 
symbolic fonn his emotional ifaction to his problem. 

Symptoms, 

{1) Amnesia and Muhi}>le Personaliltf. 

Loss of memory and multiple personality arc among the most 
striking symptoms of bystena, and in outspoken forms are rare 
The commonest example is the hysterica] fugue, m which the 
patient disappears from horn© and wanders about, having lost his 
sense of identity. This state may last for hours, ilays, or even 
months, and on recovery the p,atient usually has no recollection of 
tlio events of his i>criod of fugue During the fugue he may be dazed 
and confused or he may bo apparently noniial and Jive as a normal 
individual, carrying on an occupation and exhibiting a mode of life 
different from his usual one. Hysterical amnesias and fugues are 
usually reactions to difficulfics iihich render normal life intolerable. 
A wife has been known to react in this way to the infidelity of her 
husband and to adopt during her fugue Uio name of his mistress. 
A jmtient already in fi]i,-u]eial difficulties hod a quantity of uninsured 
stock stolen from liis motor. He drove for miles m a state of fugue, 
subsequently returning iioiue exhausted and w ithout any* recollection 
of the Gi ents of IhG day, incJttdiag tlio theft. In such a case t lie 
fugue and the amnesia constituted an cscajio from an unbearable 
situation which composed so large a jiart of the patient’s life that 
he could only escape from it by suppression of a large field of con- 
sciousness. Amnesia may also occur in association with hysterical 
fits, the events of the convulsion beuig subsequently forgotten. 
Patients suffering from hy’&tcrical fugue may justly be regarded as 
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examples of multiple or dissociated personality, since tliey exhibit 
altematmg phases ofconsciousnesawith mutually isolated memories. 
Jlore complicated cases of multiple pcrsonahly ha\e been destdbed 
m which more than two sub-pcrsonahtics alternated or coexisted, 
■<0016 liaMng access to the memories of the others. It is interesting 
to note that it has sometimes been possible to produce thc.se dis- 
sociations of personahty by hypnotic suggestion, and tliat the 
siiliject-matter of an hj^tcrical amnesia can often be re^atored to 
tonsciousness under hypnosis. 

By no means all cases of 'loss of memory’ are hysterical in origin. 
Many other mental disorders lead to mental confusion or impairment 
of memory so tliat the patient may beconm lost and be unable to 
gi\ e an atcouiit of himself. ' 

(2) ConoifeioJM. 

It IS sometimes difEcult to decide from the history whether con- 
vulsions are hj sterical or cpdcptic, but the question is usually easily 
settled if the doctor is fortunate cnongli to witness a fit himbcif. 
The hv'-tcncal fit is a dramatic performance a])x>ropriateIy staged, 
hence it does not occur when the patient is alone or at Jeai>t out of 
roach of an audience. Not infrequently tlio attack is directly jire- 
cixutatcd by the emotional situation rest>onsib]e fur the neurosis. 
The onset is usually gradual and nc\'cr of the fulminatuigsuddcnnoss 
of an epileptic fit. \Micrcas the epileptic falls to the ground with 
alarming > lolence and may injure bioiself, the hysteric subsides w 1 th 
some care, leamng, for example, against a wall or slipping slowly 
from a cliair on to the ground. Tlie epdcptic ill follows a more or 
less stereoty'ped course, beginning wmcliiues with a cry and pas-sing 
through a tonic pha.se, a piiaso of dome, purpo-selc-vs, jerking move- 
ments, and emling in po 5 t-connil>is'c coma of s ariablc length, some- 
times followed by autoiaa(i>m. Inhjetccic^fits these phases do not 
occur. Crjmg out often occurs during the attack, but unlUre the 
( onViil.su e try of the epdcptic, which is merely aninartluilntcphoiia- 
tion, consists of emotional rc.'ictions, c g. laughing and cry ing, or tho 
articulate utterance of words or sentences. The mot ements of tho 
hy'terical lit are not of a low order like tlia clonic movements of 
epilep&y, but are co ordinatedand purposive. The hysteric clutches 
at surrounding objects, struggles, and may’ attempt to fall out of 
Ixsl or to tear ol! Ida clothes. Opisthoton(» is common, and bizarre 
attitudes may "be adopted. The tun^io W not bitten in an hysterical 
couvuh-ion, and incontinence of urine does not usually occur, but 
if Iho jiatknt becomes aware that micturition is a characteristic of 
ciiileptic attacks, this symptom may bo reproduced. In the convul- 
sions of epilepsy eonsi iousncs.s is lost at the onset, so that the patient 
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during aiul iminctluilely after the lit makes nu K-«[)onse to oxlcrnal 
i^timuU. The hjaterie when convuUwi, thoiigli m an abnonnal state 
of cottkcioukncsH, is not cam{iletety utuntHcioiH and can usually 
Ix) rouseil by huiliciently firm handling, whence the time-honoured 
practice of admmUtenng a douche of cold water. The comeal reflex 
accordingly is absent in an cjulcptic dunng a fit and dunng the phase 
of j)ost-coinul.sivo cornu. The corneal reflev is sonicljmca absent 
in lijsteria, but an attempt to elicit it dunng an hysterical fit often 
evoke.s a violent contrAction of the orhiculans oeiih The hy.stencal 
fit, unhko the epileptic, has no ueJl-dcfined termination but tails 
away in sighs and groans and motor restlessness. After tJie attack 
the hjfitcrical patient, though shaken and exhausted, docs not 
usually e.xliihit the tendency to sleep winch follows most epileptic 
fits Tlic plantar rcliexea are for a Imio extensor after a projiortjon 
of epilcplio fits Flexor plantar responses after n fit do not extlude 
epilepsy, hut extensor rcsjioiiscrt in similar circumstances exclude 
hysteria lu the caiiso of the fit, provided there js no cocxiitiiig pjra* 
inidal lesion to which they arc attrihutahic. 

The idea that there exists a cuiiditioii inlermediuto between lijs- 
teria and epilepsy designated ‘hystoro-opilepiiy’ lias now been dis- 
carded, but it is imiiortant to remember that epilepsy and hysteria 
may both occur in tlic same |mt ient. The occurrence of an hysterieai 
fit ailcr nu viiileptic convulsion is not uncommon, and when flic 
former follows an attack of petit roal it may obsiiiro the com- 
paratively insignificant manifestation of epilepsy, and unless careful 
inquiry is made the true nature of the complaint may bo misscil. 

(3) Paralysis. 

Hysterical paralysis may affect any i»art of the body over which 
there is nonnally voluntary control. Most commonly it iiivolvca 
one limb or part of a limb, tbe nioveiiicnts at one joint being alone 
affected. Lc.ss frequently more than one limb is affected, as in 
hysterical licmiplcgia, paraplegia, and diplegia. The paralysis may 
bo associated with llacddity or rigidity, or there may bo no grass 
disturimneo of rauscle-tono. Hysterical paralysis of the face and 
tongue is rare and is usually associated with spasm of the corre- 
siwnding muscles on iho opjxjsite side. The diagnosis of hy'sterica] 
paralysis rests upon the following points: ' 

(i) Anomalies of Dislrihilton. Sinco the pt^ralysis corresponds 
to the patient’s idea, there are inevitably discrepancies between hy's- 
terical paralysis and that proiluccd by organic lesions of the iicrv ous 
system. The distribution oftho weakness is often anomalous. Tims in 
hysterical hemiplegia there is no weakness of the face. Paralysis 
hiuilcd to the movements at one joint is unknow ii in organic disease. 
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(li) Coniraclion of Anlagonhlic J/uscfe«. It is very common in 
hysterical parah-bia to find that when the patient attempts to move 
the limb he contracts the antagonistic muscles as >'ell as the prime 
movers Thus extension of the elbow is associated with active con- 
traction of the biceps, flexion of the knee with contraction of the 
i]uadriceps Such antagonistic contractions can easily be detected 
lie the observer if he placea a finger upon the bice^w-tendon and 
patella respeeth ely Such a disorder of rooTenteiifc expresses mental 
conflict at the physiological level in a simultaneous contraction of 
the muscles which would carry out a movement and of those which 
would preient it. Antagonistic contraction is aliscnt when the 
j*areais iasogreat that the prime movers hardly contract at all. 

(mj Muscular uxitlinrj, viiucular <ontTaeiure$, and the reaction of 
degeneration are absent except in cases of long standing, in wliicli 
♦hi^* phenomena may supenenc upon the prolonged muscular 
inactivity 

(IV) TIi« Reflexes. The tendon-retlcxcs in liysteria depend upon 
a number of variable factors. Tlicrc is often a .«ymnietrical and 
moderate exaggeration. Extreme rigidity may make them difficult 
to elicit. Moderate unilateral rigidity may’ render them exaggerated 
on the aSccted side, but if adequate muscular relaxation can be 
obtained they are never asymmetrical and never diminished- The 
•amo is true of the alidomina] reflexes, and the plantar reflexes are 
flexor unless the juiticut has ieamed the patliologic^ rigDlficance of 
.IQ extensor plantar re«pon«e. True ankle clonus does not occur, 
though a few clonlo jerks may' )>e evoked if the lower limb is 
incompletely' relaxed. 

<7aiV. 

Hysterical dUordcis of gait may' be osooiiated 'rith hysterical 
parah>i3 of one or both lower limbs, and arc not uncommonly a 
perpetuation of the noniial instability which occurs on first getting 
out of bed after an illne»s. An liyslerica] gait is usually’ easily recog- 
nizctl on account of its bizarre character and its tU»iniilaritj’ from 
any diaonlcr of gait produced by organic disc.ue. In hysterical 
hemiplegia the atleitcd lower liml» is ostentatiously’ dragged along 
the ground and not circumdneted, as in hemiplegift due to a pyra- 
mi<lal Iftdon. \V7ien the disorder involves both lower limbs, .stiffness 
and ataxia arc present to a vaiying extent. Xot infrequently a 
pat lent w ho, w hile lying in l>ed, exhibits normal pow cr and co-ordina- 
tion, walks with the grcatiwt ^fficulty, clinging to the bod and the 
furniture. There is often a teiulcncy to iall, csjiecially when other 
jwtjcnts are prcK-nt, but the fall ilo» not lead to injury. In sc\ ere 
cates there w a complete astaaia-aboob, ami two jiersons may have 
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difficulty in supporting the patient, for wlicrcas a patient %vjth 
organic ilisca&e leading to difficulty in walldng docs his best to 
support hinuself, the unconscious efforts of the lij sterical patient are 
directed to falling 

liigidily. 

Hysterical rigidity may 1» localized to a jiaraly^ed limb, or 
generalized, as in liystcncal trance It is distinguislicd from all forms 
of rigidity due to organic disease by the fact that it increases in 
proportion to the effort made by the oliscrier to move the rigid 
part, whereas in oi^nie disease of the nervous system the rigidity' 
is a definite quantum which can lie overcome by the exercise of 
a shghtly greater force. Moreover, in hysteria a successful attempt 
to break down the rigidity almost always leads to an intense emotional 
reaction in the patient. 

Imvlunlary ^Movemeni^. 

Tremor ii a common hysterical involuntary movement It may’ 
be fine or coarso, generalized or localized. A coarse tremor J« often 
associated with hysterical paralysis, being intensified when tiie 
patient attempts to move the paralysed hinb It is increased when 
attention is directed to it, and may be absent in movements carried 
out when the attention is distracted. Hy'stcncal involuntary move- 
ments may simulate cliorca, though not with sufficient accuracy’ to 
(leoeiv o the skilled observer. In such ca,ses movement.? do not usually 
involve the face. 

Sensofy Symplorm. 

Hysterical sensory’ impairment is common It i? most often con- 
fined to a limb which i.s the sito of other hysterical symptoms, for 
example, paralysis. It may affect some forms of sensibility only’, 
esi>ccially appreciation of light touch and cutaneous pain, or all 
forms may be lost. When cutaneous scnsibiiity is lost over the peri- 
pheral segments of the h'inb, the anaesthetic area is demarcated 
from tile area of normal sensilality by a sharp u])per border which 
cncircJes the limb and usually coincides with a joint. Sensation is 
not uncommonly lo.9t over half of the body, and in such cases tliere 
may be loss of smell and taste on the same aide. Anaesthesia of the 
whole body is less frequent. .iVnacsthesia of the cornea, palate, anti 
pharyTix, with loss of the corresponding reflexes, is an unexitlaincd 
symptom of hysteria wliich may bo present without other sensory' 
disturbances. 

Hysterical sensory loss is distinguished from that due to organic 
disease of the nervous system by its failure to correspond with the 
distribution of the loss resulting from lesions of the sensory tracts, 
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spinal segments, or i>enpheral iienes. Anaesthesia of the 'gloTc anil 
stocking’ ^ll^tribution may simulate that found in polj-neuritis and 
in subacute combined degeneration, hut in these disorders the transi- 
tion from imiiaired to normal sensibility is alwaj's gradual. Hjs- 
tencal patients often exhibit striking discrepancies in their sensory 

niptoms w Inch, are incompatible with an organic origin. Thus t o- 
onimation may be perfect in spite of complete loss of postural 
-ensibility and appreciation of pas<ne. movement in a limb. Or a 
patient ’A'ith hysterical hemianacsthcria may state that he is unable 
to feel a vibrating tuning-fork placed over the affected half of the 
Ktenium, although the bone conducts the stimulus iwrfectly to the 
oppo-nte side. In bjsterital jiersons sensory loss can readily be, 
and jieibaps altsaya ia, pioilucvd by suggestion. 

Deafiutis. Tlicre is httle difficulty in detecting bj'sterical deafness 
VTlien examination reteals tiiat the ears and vestibular reactions aro 
normal, but the diagnosis is more dilBcuIt when hystcriuil deafness 
IS siijicrimposed ujon a reduction of heanng due to organic disease 
of the cars Historical deafness may disappear during sleep, so that 
tiic patient can be aroused l>y sounds, and the blijikmg reflex on 
auiiilory stimulation may be retaineil hy the hj-sterically deaf. Wien 
lUrAny's noisc-box ls iLscrl, a jMiticnt suffering from hysterical deaf- 
ness trill raise his voice, but this docs not occur wlien dcAfneas la 
<lue to (li?CAM? of the car. Uj stcrical vertigo is rare. 

Pain. There luoa Iiecn somo (liscua>.ion as to whether hysterical 
pain IS quahtatnely tho same os the pain produced by organic 
di-easc, and this has been denied on tho ground that the Iiybtcrical 
patient, though complaining of setere pain, usually exliibits none 
of tlic j)hjsie.il reactions which aro oasodaied with pain of organic 
origin and iircscats an appearance which l<elics hia allegations of 
intense suffering. Nevcrtlielc^s, since pain is esMjnlially a psychical 
state, there sccm.s no rcaiion whyit should not sometimes be psycho- 
genic, and It does not follow Uiat pain thus uuluccd w ould necessarily 
be associated with the physiological concomitants of pain excited 
at lower levels of the nervous system. Hysterical pain is eajieciaUy 
common 111 the head and spine. The recognition of ita nature dejiends 
n}K)n I ho absence of symptonui of organic di'«ase sufficient to explain 
it, Its failure ton-siKindloanalgewcdrugs, often including morpliinc, 
and to alcobolic injection of tho nerrea inncn'ating tho atfcctcd 
region, and upon the incnfal Mato of tho patient, who is usually 
distrcsscil and agitatrtl by tho pain to an abnormal degree. 

OeuJnr SymploiM. 

Hysterical bhndnovs may lie unilatfral or bilateral and may bo 
coinpicto or may consist incirly of a reduction of vUual acuity. 
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Bilateral blimliicss is not unrommoiily a iH-qwjtuation of tlio traiisi- 
f ory visual impairment assouateil witli syncoiw or w ith hcatl injury. 
UiiJatcral UiiHlness may bo associated uUh hysterical hcmianacs- 
thesia on the same side. In hysterical blindness the optic disks anil 
the pupillary reactions to light are normal, and it may ho possible 
to evoke blinJving by a sudden feint with the hand towards the 
e\TS. Jlorcoier, the bhtid hysteric may avoid obstacles in lus path. 
Tlicre arc a number of tests for the detection of uniJatCTa) Jiystencal 
blindness. Diplopia may bo jirodiiccd by covering one eye with an 
appropriate pnsni. One eye may Ikj covered with a red, and tlio 
other with a green gJa.ss, thejiat/ent bomg then asked to read a word- 
test of alternate) red atid green letters Since one colour ii mvisible 
to each eye, if all the letters .inj read the iiatieiit must bo using both 
ejes. Visual field defects are comiiiou m hysteria and are usually 
Iho rc.siilt of suggestion at the lime of examination. The commonest 
tyi» is a concentric defect of the field which takes the form of a 
spiral with the field progm-slvcly diminishing with escJi circuit of 
(ho test object. 

DUturbancea of the ocular movements include spasm of converg- 
ence, which ia almost always hysterical and may bo associated with 
epastu of aceoiumodation. Defects and <li&sociation of conjugate 
ocular movcincnta in tlio lateral and vertical planes may bo produced 
by spasm of the ocular muscles, and a coan>o nystagmus may oc cur 
Hysterical ptosis is tlio result of spasm of the palpebral fibres of the 
orbicularis oculi, and when the lid is passively raised this spasm can 
bo felt to increase. Blepharospasm is similarly produced. 

Sympioma referred lo the AlhnenUtri/ Canal. 

Hysterical dysphagia may occur, but ia rare. ^Vir-sw allowing is 
coinnion and is usually begun by straining to bring up wind It 
may lead to extreme gastric distension. Globus hystericus, described 
as a sensation of constriction or a lump in tlie throat, is probably 
also usually the result of lur-awallovring and is a referred sensation 
produced by the presence of air in the lower part of tlio oesophagus 

Hysterical vomiting when mild may lead to no loss of weight, 
when severe may cause marked aridosia and cmaci,ation. It is usually 
symbolic of an intense aversion from some task or situation, ofwhioli 
(ho patient is literally, ns well as mctaphoricaJly, sick. 

Hy's terical anorexia — ‘anorexia nervosa’ — may arise as a primary 
hysterical reaction to the patient’s difficulUcs, or may bo secondary 
to other hysterical symptoms referred to the alimentary canal, and 
which the patient believes are exacerbated by taking food. It occurs 
in adolescent girls and young nomcii and may lead to extreme 
emaciation and to aiuenorrhoca. 
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Hvifcriral diarrhoea and coHfrJijKition may occur, anditis prohahio 
that many oftliealxlominal and pchie jgnnptoms usually uttrihuted 
to visecropla'is arc in part or eiilircly liy»tericaL 

Cardiac Syiiiy<lo«« 

Taihyoardia anti palpitation play a proniiiicnl part in (ho symp- 
toms of neurotic anxiety. In hysteria, hOHercr, sucli symptoms may 
occur in u patient u ho is outwardly placid. Tlie recognition of their 
nature is of great importanee. since many* suilcrcn} from theso 
M inptomg are confined to betl for long periods u itli a mistaken and 
harmful duignoMa of organic heart disca^ or exopht lialinic goltn*. 

Jit-fpiralory Sym^dowts. 

Respiratory' ties hate already been tiescrilx.tl. IIy.sterical 
hyperpnoea Unot uncommon and usually follows a fright. I hare 
known It producctl by suggestion in a patient uitJi congenita! dextro- 
cardia. llic exccasise sentilatiou of the lungs may lc.id to tetany*. 
The hysterical nature of the aymiptooi can usually' Ih} detected by 
the fait that the hypoipnoca di>appears or is mnrh diminUhed wlien 
the patient is engaged tn conserbation, whereas talking Increases llio 
ilyspnoca due to orgaiuc disease. 

Vrtnary Symplw/n. 

Xoctumal enuresis in childhood is the perpetuation of, or a rever- 
sion to, the infantile lack of control oier the hladdcr. Its motl\o is 
frequently a desire to attract attention, and the symptom tends to 
be maintained by punishment and by suggestions emanating from 
a houwhold m which the lapse comes to be expected. Pathological 
poly'una and organic causes of enuresis, especially’ spina bifida 
occulta, muet be excluded. Hysterical retention of urine usually' 
occurs in young girls and bj’ force of suggestion may become epi- 
demic In a girls' school. 

Sexual Spmptoiru. 

Hystencal impotence is usually tlic expression of anxiety, which, 
Ijeiiig associated with cxcitaticm of the Bynipatiictic nervous system, 
is mhihitory to sexual activity, with the exception of contraction of 
the vesiculae scminales, to wbieh the sympathetiD semis motor fibres. 
The comLinwl inhibitory and motoc infiLuem^ of fin 
upon sexual activity explains the frequent association of impotence 
w^th premature ejaculation. The anxiety which leads to imi>otenco 
may' be due to a variety of causes, including general feelings of 
physical inferiority, fears of the ill c&ectii of masturbation, and a 
sense of mural guilt etoked by anilhcit sexual union, or e^en fay tlic 
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marital hcxual relationship. Care must l>e taken to exclude both 
diseases of the nervous system, espccialiy tabes, and conditions of 
general ill health uhich may cause irapotcmc (see p. 822). 

Vaginismus, uhich is often associated with, and attnbuted by 
the patient to, dyspareunia, is usually the expression eitiier of the 
patient’s lack of love for her Iiushaiul or of a refusal to accept the 
reoponsibibtics of married hfc, especially a fear of pregnancy. 

The Skin. 

‘Dermatitia artefacta’ is the term applied to cutaneous lesions 
voluntarily iwoduced by an hysterical patient, citlicr by scratching 
or rubbing, or by the uso of external agents, including corrosiv cs. 
Tliese are usually easily recognized by tlieir appearance and by the 
fact tliat they quickly lieaJ when covcrcfl by an occhisne dressing. 
There seems little doubt that cutaneous ledons of an erythematous, 
urticarial, or bullous nature may arise spontaneously in hysteria, 
and similar lesions con be produced in some subjects by hypnotic 
suggestion. Pruritus is frequently an hysterical symptom Cyanosis 
and oedema may occur in a limb vvbkb u the site of hysterical 
paralysis. 

Tk 0 Spine. 

The spine may bo tho site of hysterical pain and tondoniess, and 
occoaionnlly remarkable dcronnitie.s occur in hysteria, sometimes 
leading to a shortening of several inches m the vertebral column 

Pijreria. 

Probably in most cases of apparent jiyrexla occurring in by stena, 
the thermometer is manipulated by the jiatient. This source of error 
can readily' be detected by adequate sujien'ision «hcn the tem- 
perature is taken. In certain cases, however, it appears that an 
actual rise of body temperature may occur as an liy stcncal symptom. 

S})e€ch. 

Hysterical speech disturbances — mutism and apiionia — arc de- 
scribed ebewhero. 

Diagnosis. 

Tfie diagnosis of individual hysterical symptoms has already l>een 
considered. In general it may be said that the diagnosis of hysteria 
depends upon the presence of positive signs of hysteria already 
described in connexion with individual symptoms, and tho ah-senco 
of signs of organic disease. It is essential in every case, therefore, 
that a thorough examination should be inudo both of the nervous 
system and of other systems to which symptoms may be referred. 
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The oi^anic ner\ous«Jisease most likely to Iw confused "db h^'sfexia 
13 disaDTiiinateil sclerosis, on accoiuit of the transitory occurrence in 
t he curly fcta|;cs of this thsonlcr of weakness and R'nsofy disturbances, 
fareful examination of a jiatient with d'usiennnatcd sclerosis, ho^T- 
cvcT crill alaajs reveal signs of oigaoic disease of the nenous 
-I'lem. the commonest of which- are pallor of the ojitic disks, 
nvst.igmiis. dmimution or absence of the alxloiumal relle.\es, and 
I \tensor plantar responses. 

Prognosis. 

The progno-b aa to Teco\cry from ai\ inilividual symptom of 
In stena is good in most ca.ses, though relapses arc frefiiicnt, unless 
the Jiatient can lie induced tocany out acotisidemWo psychological 
readjustment Chronio cases are not uncommon in which a single 
s\mptom persists for j cars, often bcyausoit is the patient’s reaction 
to a domestic situation which also j>ersisls unchanged. Viefinw of 
chronic hysteria are usually cither jtemoits of low intelligence or those 
\n whom expcctaVion of compensaVion for an injwty « 
of a pension j'uts a premium iijion the pcrsistenco of their disability. 

Treatment. 

Genrnzi Con^iJendiona. 

Since, as we haiesccn, an hysterical sjTUpto'iu is a ncuroticsolution 
of a mental conflict, symptomatic trealincot alono is inadequate. 
It is essential that tlio cause of the couilkt should bo disco\cred 
and that the patient should be induced to deal with it in a manner 
w Inch docs not U3^ olvo resort to a neuron Analytical p'^’chological 
methods, however, are oflen rendered difficult by lack ofmtelhgenoo 
or by resistance m the patient, and in severely di’ssociateil individuals 
with aninc>ia, hypnosis may l*c neecs-sarj' to recover forgotten cpi- 
sales. WTicn the cause of the symptom has been discovered and 
(lo.ilt with, treatment may also Ira directed tou arris the relief of the 
xymptom itself. A careful physical examination must be made in 
order that tlie patient may bo v^ured that no organic cause for the 
disability exists, but that it is due to a faulty mental habit. Tlio 
jatient must be convinced that lie can oicrconio the digabibty, but 
care should be taken to aioid the auggestion that this requires a 
great cDort of will, since this attitude implies that the achieieraeut 
13 difficult. In some cases recovery Is liest effected by a gradual 
process of jrarsua-sion and re.«Iucation extending over n considerable 
tune. Some, boweter, prefer to ottempt to retnoie the sjTnptotn at 
one silting. Thii methorl requires great tact and patience on the part 
of the plij •‘ician anil is not without mlt, tince the failure of a pro- 
tracted attempt to cure will only rciiiforce thejiaticUt’a beb’ef in tlie 
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intractahh nature of hie disorder. The removal of a symptom by 
hypnotic Miggcfttion is usually undesimblc in adult patients, since it 
fends lo strengthen (he aluiormai suggcitibilify which is an un- 
desirable chnraetcrislic of the hysteric. This method, however, is 
admissible in dealing with children, in whoso education suggcbtion 
plays a legitimate jiart 

Treatment of Individual Si/mptoiaa 

Convuhiona. An hysterical tomiilsion can usually he quickly 
terminated hy firm handling, cs|iccially if the patient is isolated from 
a symp.ithctic audience. 

Para! i/aia and Higidili/ These siTiiptoms are commonly associated, 
and, since they depend in part upon imoluntary muscular contrac- 
tion, this sliould bo explained to the patient, who should first be 
directed to rekax the muscles of Iho aliccted region and should bo 
told that when the muscles arc relaxed movement will bo e.\sy. 
Faradism may be cmiiloycd to demonstrate that tlio muscles are 
still cajiablo of eontraetion, Ujo p.iliei)t then being made to imiUte 
the motements excited electrically 

Ahaaia. Al>a.sia is a symptom uhich lends itself to euro at » single 
treatment The patient ia first ciicouragcsi to walk ^cith adequate 
aiqqiort, tiio ejoetor walking on ono side. The sijpjioffc ia gradually 
diininiAliccl until the patient can bo tuid that he is now walking 
alone, and finally he should l>o induced to run. 

EnureaU Bci^ore regarding enuresis in clilldhood as a neurosis it 
IS neccss.iry to exclude irritativx lesions of the urinary tract, polyuna, 
and organic lesions w hich impair spliinctcr control, osjiccially spina 
bifid.i occulta. An attempt should be made to ascertain the cause 
of the syinploni, which is frequently a desire to attract attention, 
liotli the parents and the x>a(icnt should be encouraged to expect 
a cure, and neither hUmc nor punishment for lapses should be j>er- 
mittcil. Tincture of belladonna in full dosca may bo used to depress 
reilcx evacuation of the bladder until the iiabit of continence is 
estahlishcd. llypnulic su^cstion will often rapidly bring about a 
euro ill hitlicrto intractable cases. 

Vomiting. The psychological cause of tho \oniiting must first be 
ascertained and discussed with the patient, who must bo reassured 
that no organic cause foritcxists. Special diets, alkalies, and nutrient 
enemas will often have l>ccn employed in treatment. These and 
the apparatus connected with them should all bo removed from tho 
room. An ordinary light meal sliould then bo ohtaincsl anti tlio 
patient persuaded to consume it with tho assurance that no vomiting 
will follow. An attempt should always ho made to cure hysterical 
vomiting at ono sitting, a euro once cffecteil being permanent. 
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Anonria Xenosa. Tlio patient should be isolated from rclatires 
and fnentls and the touse of the anorexia a«?ertainctl. It la often 
nctc"-.vin- to explain that the symptoms which llie patient attributes 
to takinj: food are really the result of taking too bttle, A beginning 
should l»e made with frequent amall feeds, and no eSort should be 
spared to make the diet attractive. An acid mixUiTB will often rc-Ueie 
flaiiiienw* and iniproie api«elile, and it is usually necessary to treat 
(onstipation 

2. AXXIETY NEUROSIS 

Defiiiilwii: Neurotic anxiety may I»c defined as anxiety which 
o( curs in an indicidual who is otherwise mentally normal and which 
IS cither directed towards some object or situation which iloes not 
normally’ exeitc it or which is experienced as an undirected emotional 
state, Uie cause of which the victim is unable to explain. Psycho- 
logical imcstigalions have shown that this apparently miMlirected 
or undirected anxiety has alwa)-* ariseQ in circumstanees which 
atford an intcUigihle cxplauatioii of it though the patient is largely 
or entirely unconscious of it For the psychological analysis of 
anidcty the re-ader ts referred totext-booksof p»jcbobgicalmedjcino. 

S)7nptoms. 

Jfeiitaf Syin]i(oini 

The pnmary mental symptom of anxiety ueurosis, as we have 
»(>cn, is anxict,^, which may be duected agaiint specific external 
objects or situations m the form of phobias, or may bo u more 
difiuse mental state with no cause ap{tarcnt to consciousRc<ta. The 
luticnt may lx? subject to paruxycrmal exacerbations of anxiety, 
known as anxiety at tacks, in which an owrwhclnungscnso of anxiety 
dominates C'uiiALioii'-ncss and is o-ssoeiatol with the somatic con- 
comitants of anxiety in an intense fonu. Other mental symptoms 
which arc often associated with anxiety and which are the outcome 
of the p.atient’s preoccupation with his neurosis include imlability, 
dcprcAsioo, lack of concentration, and insomnia, ami anxiety may 
find cxprro.'ion duriiig .sleep in temfying dreams and nightmares. 

SymjJonis. 

•Anxiety w attended b^' an enhanced activity of the sympathetic 
nercous bjstem, luid many of its phyxiological manifestations are 
direct Jy or indirectly the re-ult of tbU. T!vo patient often coraplait« 
cif p.ilpitation, weakness and iatiguability, dy^jinoca, giddiiiCNi, a 
sensation of falling, a sens© of pressure at the vertex, los-s of ajipetitc*. 
epiga-'tnu discomfort, llatulrncc, consti{>a(ion, dlarrhcx'a, frequency 
of mirturitioii, nn<l M.'iiiin.d cmLaions. On physical examination 
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tlic pupiLs arc ofleii dilalctl, the pul^c rapid, the extremities cold, 
cyatioscd, sweating, and trcrauloua The tendon rciiexes are exag- 
gerated. Slight eniargetnent of tlio thyroid is not uncommon. Tlio 
hlootl-prewiire may he raif.c«l but is fre»iucntly somewhat subnormal. 
Diagnosis. 

The anxiety attack must bo distinguished from other paroxysmal 
chsoniers, esjiccially from epilciwy, sj ncojie, \ luso-x agal attacks, and 
aural vertigo. There is usually little diniciilty in making the correct 
diagnosis 111 view of the promineiico of anxiety, the absence of loss 
of constiousncas and true vertigo, and the presence of symptoms of 
overaction of tho sympathetic nervous system, esiiecially tachy- 
cardia. Anxiety ncuroain must be disliiigiiished from minor impair- 
ment of mental i'uuction resulting from organic disease of the brain, 
esiiecially (crobral sy|ihilis and arlcnosclcrosis, encephalitis Icthar- 
gica, and intracranial tumour. Anxiety, aswiewtcil w if !i impairment 
of memory and capacity for concentration, ami imtahilitj, may Ixs 
oaymptomof fhesoand otherorganicneriousdjwrdcfs A carefully 
taken history and systematic eiamiimtioii of the nervous s.vstcm, 
however, wili cnablo the organic origin of the condition to bo 
diugnoswl, and tliis may bo confirmed by appropriate serological or 
other examinations. Anxiety ncurods must also be distinguished 
from more profound mental disorders, of which anxiety may bo a 
symptom, esiiecially’ from Agitated depression and certain eases of 
bdiizophrcnia In tho former tho anxiety is usually explained by the 
patient as a reaction to tcmfylng circumstanc-es which can bo diown 
to bo delusions, and w hen anxiety is a prominent Hymptom of scliizu- 
plircnia, it is usually quite evident that the mental disorganization 
is much more serious than occurs in a neurosis 
Prognosis. 

The prognosis of anxiety neurosis is on the whole good. The dcs- 
ordet is not in itself fatal and neurotic patients rarely commit suicide. 
Wiicn the neurosis is of recent origin and a reaction to a well-defined 
source of fear, a cure can often rapidly be effected. Those patients 
in w horn anxic ty is an habitual rcacfioti of long standing, dating from 
childhood, may require prolonged treatment, but, provided they are 
co-operative and uitclJigent, they also may bo much benefited and 
in many ta-ses cured. Kefapscs, Aowever, are not uncommon. 

Treatment. 

TJie treatment of anxiety neurosis must always be psychological. 
Phy sical measures, how ever, havo their i>3aco, especially in the treat- 
ment of tho more ecverc eases. In such cases tho patient must be 
isolated from Ins usual environment, in a nursing-homo or hospital. 



TllK NEUlWWES 

MrKh to rcn'l hull av»n> from Inirae vithout nmiiging ib.\ tholoyitvil 
tn.itimnr «1 the imme tiitiy U UM.Usrf. jani-e hts rarrivs hi* umitai 
m.iUlju.%tnicut with him. l.etn^ur«l.aj«lniany 

pat lout" U’mfit frum wuiniJct© n>t in Ixtl ft>r a few wwhs, Hxlntiio 
iinu-1. -urh x^ lironmle and phcnoWlrtUl, ia'ing gix cii, and a siifli* 
<«iit do«r of a hoptmlic to emutv f-lwp. The jvitirnl should Iw 
maMagttl while in lifd, aiul taught lu {iracUw.* mus^uUr 
n laxatiiin, and, Utir, graduated jilnoifalcxerii'ea may l>c ctiiplot wl 
to promete a of welldM ing and to {in.-{utu him for a return to 

1*M< hologual tn-atmciit In dinitM to du-wn cring the of 

ihr iiatii-nt'a An\iil\, hringmgbiiu loa rraliantion of its ndatioadiip 
Ik Ia« stinptoini, ami inducing liiiii to.dtcrhiac;nutiiiiia) nilitudu tu 
tl.«' t>f hv4 fiars. Adult-* who ivmidaiiv'of imxii-ly m:\in«NU* 

of n-ixnt «inr4-t are iL-uallji' futlcniig from the focal t.vi>c of anxiety 
ri'.trtioii. In »m h cum-s tlio raiL-« uf the .antkty ran tisu-illy rapidly 
U' a^vriaim'i] h> Judiciou-* <|uo»tjoniiig, which may fullow the 
onlii..v> Itm ^ uf hi'Uir^i •t<ihing. the {uttknt’A (m t hulogiiul mut ioiiit 
to hu luniits, hrothifi, and siMcn, inarriol life, and occup-athm 
UingostertAiiifd m tiini. Dm-ctijuc'tioirtinay las a.>^kiil run« ruing 
(siMiblv taUMS of worry, ti-iicrjally »« to feats of siwcilir diwx'a'H. 
When ft or of ill health u the MiurecofnnxM-tyu thorough and rarufiii 
phyiral cxauiination tim>t be mailr. and this will often enable the 
d'Xior t«> cxi'lairi |4> ilie teitU-nt that h'li fear.-i .tre gnmndlcxs. Oliii r 
»ouriX4 c-f aiuicty «uy U- Ic^^ rasdy di"|K IMJ, hut when once the 
CAUx* 14 di«<.«o croii nuuU out lic d*»ne t*» hflp the ivillcnl to odupt 
a inure health* attslii-lr> to hw duIkuIlKN, ,\nxiity attacks aridug 
in aroun -itu itiurn are often duo to u Aar of the muirrmv uf an 
.-it t ark of illne-rt fnim whkh the |>atirnt has onto sutlcn-d in similar 
cimunsUiKxj and a cun.* often rapidly follow a Iho jaitk ill's appro- 
ciaiion of ih'ir tnoi tiatcwe. .kwMciy readiuiv* uf long staiwUng 
usually renuin* pnilongcsl pa\t hotogiialimc-viig.Mion, lithir imytho- 
Aiabn.* oil ihe luir!« laid down by Freud, or soiiio uKslilicatlon 
ih'fTof. Uing iicsx^win, free a-vaaialkxi, wonl O-wx iaticxi, the* 
aiuUsL* ofdrr.nns, aiai siiiiiLir imthcal* bring u-cd to rttcal to ih-s 
ivatitnl luji unccMisciau.4 m*'ntal procs •was, 

3 NEriLXbTilhkVlA 

/Jeyif*r.'i.<a; A ritimci* thara(1cnz«d ?»y iii.vki-d nitiiial and 
phj-ieal fali.;U4hiiiiy. 

Aetiology. 

th» jolhol-'i.'Ka! grttuinl-i there U {■rluipn hltl« jiunniatioii 

fi t di»m guidoiij; a •••j.arate A rjn of iiestrcxu by the title ‘ih ura^ 
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tliciiia’. Xe\iTtijeIc&», for clinical piirpo'>eH the term is a (onvenient 
ono. Neunistlienia lu the sense defined is rare anil its aetioiog)' is 
hoiiicw hat olisciire It is probable that in most cases it ls an hysterical 
symptom nhich fiilJiJs the purpose tffjdicitcrjng the patient from the 
ihlhculties invohed in an aciuc life The exccssnc fatiguability 
may also he a by-product of the absorption of mental energy in 
repression or conlUct. 

Symptoms. 

In the mental sphere the [lalieiit'H fatiguability finds expression in 
inability to conccntrateandsomenuiiainnent of memory, ami is often 
nH^ociatcd with slight depre-ssion I’lijsitally there is an inability 
to undertaho even moderate etcrtioii Hit bout cxicssii'c fatigue, and 
other somatic symptoms include fatiguability* of the eyes in reading, 
palpitation, and hreathlcsMicas on exertion The symjitonis are 
usually* at their w orst in the niuniing and tend to iinproi e during the 
day. In .severe eases the patient is unable to carry on an occupation. 

Tiio nciirasliicnic patient is not uncoiniuoniy physicaliy under- 
doveloiieti ami pa^aosses a sallow complexion, lint chest, and a long 
narrow alHlomen The muscles are hy(*o(onlc and the extremities 
nro usually cold and somewhat cyanoswL The pulse is unstable and 
often rapid and tiio blood-prcssuro is low. 

Diagnosis. 

Xeurasthi’Jiia must be distinguished from cy'clotliyiiiie depression 
(tlio deprcssi^ o phase of inaiiic-dcproasivo ixsyxhosis) This form of 
depression, being associated with mental retardation, freriucntly 
leads to a complaint of excessive fatiguability. In cydothymia, 
flow c\ cr, tlio depression is more profound than in neurasthenia Tlic 
disonlcT exhibits a marked jwriodicity witli a tendency to spontane- 
ous recovery in a few* weeks or months and often occurs m short, 
thick-sct individuals of a physical ty|io quite different from tlut 
usually associated with iicorasllicma Organic disease of the nervous 
system, t■^^pocla]ly' encephalitis Icthargica and neurosyjdnjjs, may lead 
to mental symptoms resembling neurasthenia, but these conditions 
can be distinguisiied by tho history and presence of characteristic 
physical signs Myasthenia gravis, in conunon with neurasthenia, 
leads to excessive fatiguability. Tins symptom in myasthenia, how- 
e\ er, increases in severity towards tho end of tho day and leads to 
muscular paresis, of which ptosis, diplopia, ahd dysphagia aro the 
coinnioncU manifestations. Ifcis fiecessaiy also to ilistinguish neuras- 
thenia from organic diseases in which fatigue results from toxaemia, 
especially exopli tlialniic goitre, awl pulmonary tubercuhisis. Careful 
oxamination, howescr, will reveal tho signs of these disorders 
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Prognosis. 

Tlic prognofti* of ncwrftslhn^ is on tlio wholo k>s salUfattory 
than that of moit other neiuroacs, perhajw bccauio there is often an 
ijiidcrlyjtig phjsical inadequaej'- 

IreaUnent. 

pNVcUological treatment should he carried out on the same lines 
as for anxiety neurosis ami hysteria. I’ht'sucal treatment is of t-i>crial 
importance Ma^ago and grailuatctl cserciscs should he employed 
to Btrengthen the muscles and increase tho patient’s tclerivncc for 
fatigue. Hlicn thesrcight is subnormal an attempt should l.)emiideto 
ini rcasc it by means of a suitable diet, and sedativ es or tonics should 
i>e used as seems u])pro]iriate in individual cases. 

4. OBSESSIVE-COMVULSIVE NEUROSIS 

The oltseBsixc-coinputlve neurosis is cbaractcrized by 
the ^K'rvUtcut uhtcuclou into consaoumcas of ideas or emotional 
states— oltscvAiuns, or itupuhas to action — compulsions, iiidepcn* 
dcnt]> of the patient's n ill, nithout a cause u hicli is evident to bis 
eonsoouancM and in spite of hb recognition of their irrational 
ebaracter. 

Aetiology. 

The obBev.li C'C-ompiilMt c neurosis Is tbc manifestation of a six*eific 
ps} ciiologieal eomtitution, often herc«litaiy and eompatiblo nitli 
p-eat intellectual capacity and physical energ)'. Though no doubt 
the s^-mptoins can bo partially c.vplaincd in [wycLological terms oa 
unconscious reactions of the patient tohbexjierienecs, their peculiar 
character is determine?)! by' bis innate psycho-physiological constitu- 
tion. Psychologically the cardinal features of this are (1) a sense of 
\>ondagc to Hie ]>a.sl, (d) a lenclcmcy to tuulo-ma^thlsiD, (U) a i»rimi- 
tno atlectixe life in uhich guilt dcinaiuU expiatory rituals, and (4) 
a eonspieuniis tendency for tho neurosis to find cxifrctf-don in bodily 
moicraenU. TIic iwy-djogenesis of coin|iidsive symptoms is most 
obMOUsin llio ties ofehildhood which arc often ure.acl ion to psycho- 
logical difliculties in the home or school and po!»css featiire.s of 
liy>tiri.i as well as of tho compulsive iieumsis. The fact that sufferers 
from cnct'phahth, lethargica arc occasionally’ subject to both obses- 
sional ideas and coiupuUive muxements, lies, inditatc“* the impof. 
tiuice of the- phy-MologicuI factor in the eomlitiition. 

Many obsc-BBicmals, such a.s .John Jlunyan ami Dr. Johnson, Ituvo 
Ueti men of eminence in bteratura or affairs. 
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Sj-mptoms. 

TIic iiiiipJcft »yiti{itotiis of tlio obscssuc ^■l>Inp^^^lvo neurosis aie 
tliu lic-s of diililliooil Tiis urc rpjietitne »»vi)ijint.jry ijiovwjieiifji 
which m.iy on^inute jw autuiiiatii- or \oliiiitur> reactions to a local 
stimulus or external sUuatiuii and are i)rrj)etuat«l as oompuKne 
S 3 miitoms. Thus hjephantis or (onjuncti\Uis ina> iintiate a iilmkiiiji 
tie wjjich jursisls after the iDilauiinatiou Ji,w suhtijeii Tits fre- 
fluently iiivohu the facial muscles os in lilinkiiiK or mocements of 
tho fjes or inuuth dotation of the head is ii (oiiuiion tic and spas- 
modic (oiiiisillis is sometimea a Hyiiiptom of a compulsive neurosis 
llespiralory tic-s include* hneeziOK. coughing, and liuciip and in some 
cumpUcatcsl tics the limbs and the whole bixly ina\ Is* iinolvcd 
iJr Johnson's elaborate geslirulntiuiis were of this kinil The sufferer 
from a tic exi>c'riencs*s a const lous compulsion to tair^' out the move- 
inent and ]iurfa.sJng discomfort until he yields to it tlioiigh he can 
givo no ex])laiintiuii of thes nisibleiit tiCH.sl 

A somewhat inuru complex ty|)C of compiilsiv'o symptom is a com- 
pulsion to carry otit a more complex wt of inov cments ariiniiitcsi hy' 
a atrongly felt but uticxplaiitcsl emotional htato Coinpulw e ii ashing 
U a good cxanijik* of this. A constant fear of contamuiniion loads 
to frequent w lushing and in a Mjvcro comj tiic unfortuiiato patient 
may liavc little timo for anything clao SinuJarly obscshivo doubts 
tiiay load the hank-clerk to go ha< k rejicatcxliy to nMuro himscif that 
ho has lucked the bt rung-room or the huusowifu that she has turned 
ulf the gas. 

At tho iilcatioiial level oliscicsioiw may consist of fears. Syphilo- 
pliohia IS a not unccmmoti example. In this ca.se tho patient is 
unable to rid himself of a groundless fear that ho h.i8 contracted 
syphilis or that an infection which haa liccn cured is btill persisting. 
Obhcssioiial fear may csintpc iqtoii olhcT forms of dibcosc, bucIi aa 
cancer, or may he directed against external ohjects, such as kmves, 
witli which the patient may fear that ho will attack wirao ono or 
coniniit huitide. Sexual obbCi>9ions aro common and boiiio patients 
continually repeat to Ihcmbcivcs olihccno expressioiw or fear that 
they uill utter them in piiWic. i’nwlly, obscs-siona of bin and tJio 
dangers of damnation may, aa in Johnson’s case, haunt tho victim 
throughout a long life. Obsessions may lead to profound <k*pres.sion 
and bometimes buicido. 

Diagnosis- 

Tho comimLsivo clmracter of tho symptoms in obsessionala is so 
(list inctiv e that the diagnasis is usually ca,sy. Tho inv oluntary move- 
ments, however, imibt fxs dibtmguishcsl from those of organic origin. 
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esiJCciaUy chorea. Bhlingxtidiiiig featurca are Ibo lepelitive chaiae- 
ter of the siinpUr forms of tic and the complex and el.aborale natiire 
of tlic more lisjihly orgamxctl inToIuntac; moccinoiils. 

Prognosis. 

Most children who suffer from tics recover Uiough a few continue 
to twitch Uiroughout their lives. Tiio more serious oI>sessionaI 
s^Mnptoms, especially eouipuLdre ideas and elaborate coin])ulsions 
such as washing, ore diffic«dt to treat, perhaps because of their c-on- 
stitutiunal basis. In the milder cn.scs many laso their obsessions: 
some of those most .se^'crely allcdcd end in psychaHM or suieidc. 

Treatment. 

l*rolonged rest, isolation in a suitable liome nnil i»ychothcrapy 
are cs.'cntiai in severe cases. As alre.-idy mentioned tics in children 
are often reactions to difficulties tn tho home or at school and have 
often been injudiciously treated by the p.-»rcnls. The tic will iigimlly 
divipjkcar if no allusion is ecer made tn it. If this fails the child 
sliould l>e sent aw ay from home for a few- weeks. Muscular relaxation 
an<l re>educational cxerctocs arc helpful. 

.K TIUUMATIC MCUKOSIS 

Aetiology. 

Tho (lev clopnioi t of a neiirtksU as a sccjucl t o an injury' ia frc<iuent ly 
of eonBidenihle incslicodcgal imiairbince. It is com cnient to distiti* 
guiah two groups of ^latienta in which this may occur, according to 
whether the injury docs or docs not entai! the pot^aihlo receipt of 
comjicnaation. An inj'ury iu.-iy precipitate tho development of an 
liystcrical ayiuptom when tliero Is no question of compensation. In 
tucli coses the inj'ury merely suggests tlie dlsalnlity, and the cause 
of the neurosis niu»t be souglil ehcwherc. In tiio otiier group tho 
neurosis arises out of the situation in which the patient finds him.sclf 
a.s a result of the injury. Traumatic iicurcwos arc common sccjuels of 
industrial accidents and arc .somewhat leas fmjucnt after accudeuts 
of other tji>c8. A jK-r^n who Misiaiiis an accident in tho cour^ of 
his occujiation and is thereby disabled is (suninoniy jiut u]X)n half 
jvay for an indeffnito jicrioil, until eillter he U well enough to return 
to work or his claim for comiicnsation ia finally gcttlc-d, frcxiiicntly 
after litigation. It is easy to tcc Low odvcr^ly this unsatisfactory 
sj.sfem react*, iiiwn the mental health of tho injured individiwl. Xut 
only the dis.abihty resulting from hU accident but also the prolongcsl 
]>crKtd of inactivity tend to render him unfit for work, and during 
this time he has nothing to do but hruud over his injury and worry 
over ills risks of uncmployineilt. Accurding to his (•'iiijMTament he 
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is liaWo to react dtJjcT hy a kiaie o[ anxteti , « trf< h <urni-. \si(h it 
mmuroiis tlisabhng l)o<liIy Kjinptomii, or In m il «\iiipfoni 

hIikIi {KTjicttialfH iitsciisaWlity ami apiK-af'C locnliiiiu'c- fii-. < iaini to 
c-oiniieiH.ition. A similar mciitdl state* w liahir to ili-voliip m tin- < uv* 
of a .soldier \vlio rc'ceivcs a jiciHiun for a if mimrart iii'.itiiiit\ 
Symptoms. 

The symptuiiH of anxiety iicunKis aiwl of In sii n i follovnn^r .iii 
injury do not dilfcr frt>m tlio^e of the «.uue dwjnffi' ]iro(liiced in 
otlicr 

Diagnosis. 

A carcfttl physical cxnimiMtiuii in ite«-w.irj in order t' hiren n- 
tiatcorganiusyniptomH4hiulo(l>ou)jtiryfromHU{Kniiip(>'td i" nrotic 
symptoms. This is eN|>ceially imiiortunt m the imsc* of liearl irji lines, 
tjiiitss the symptoms of tcrebf.al cunln»to!i arc not lui' n motil\ 
nii«(atfn!y reganlcl .is neurotic. The duifinn-is of InsM trom 
malingering may lx; extremely clillicult, thcdistincUon rc'in ^ upon 
nLcllicror not the symptoms are toiiwioii«ly .idoplcd tor tli< ] m pose 
of obtaining comi)<-n.satioti. Simc most jx-rsons rcganl maliiiuenntz 
iw Immoral, the «lc«iro to inolmgir fmjuently giic-s rise to i mciiinl 
contlict mIiicIi xoIvcs it.self by an hyslcric.al svmjitoin .M.ilingirmg 
ia, lliorc'forc, rare. 

Prognosis. 

Tlio prognosis of tramiulic neurosis i.s notoriously iinsatisfiutfiry, 
and liltio or no iinprorcinciit can la* cxixx'tcsl until a jx-ndiuii < hum 
to cuiu/xmsaliori is IlnulJy M.*tllod, and i»y no means always tht n 

Treatment. 

The treatment is that of anxiety neurosis or of hysteria, and 
Cl cry clTort should Ixj nmdv to expedite a settlement of the patient s 
claim. Trauinutic neurosis tan often Ikj prevented when the injury 
is mild by rcoiiauring IIjd p.aljcnt in the c»rly stages and by arranging 
with tho employer for his early return to light work. Much misery 
and diwibility touJd JxjavoMlcfJifasyxteni could be devised by which 
claims to comjxmsation could bo rapidly &etllcsl on tho advice of 
a iti&Ucal referee, rnstesd of, as r«/iv, being subinJitnl lo long- 
postjxmed litigation and tho decision of a judge on tho basis of 
(onflictiiig mcclical evidence. 

0. OCCUPATIONAL NEUROSIS 

Synoni/fns: Craft jialsy; occupational tramp. 

Deftnilto/r. A fimtUoiial nervous disorder prone to afllict those 
whttvo octiipalion euUuU tho jxautotcsnt use of finely co-ordinated 
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inu\eiiicuts, especially of the band, and cbaracfcrizcd by a progres- 
sive occujKitjoiial disability, due to spasm of the muscles employed, 
M hich are oAen the site of pain and sometimes of tremor. 

Aetiology. 

Occupational ticurosia has been attnbutnl to fatigue of cortical 
ganglion cells and has also been rcgardcil as a di-sorder of the basal 
ganglia. It sc*cqis more probable, however, that it is a neurosis. 
We know of no oigonic disorder in which tlie movements are im- 
paired when tbc3' take jiart in one co-onliDatcd act but remain 
unaficcted in others. Theiausculai spasm evoked by an attempt to 
carry out the act involves both prime movers and their antagonists, 
and thus resembles the disorder of function w hicJi occurs In by stcrical 
paraly'sis. Tlio disability in occupational neurosis may' be influenced 
by crtcmal factors in a manner which seems inexplicable if it is duo 
to an organic disorder. For example, a solicitor wlio suffered from 
he; ere writera’ cramp w as almost totally unable to w rile when sitting, 
but could write quite well wben standing. Occupational neurosis, 
moreover, may bo associated uitb typicul hysterical symptoms, and 
mvestigation may elicit an adequate psychological cause. Thus a 
woman who developed imters' cramp after an unhappy' marriage 
buffered also from vaginismus. Finally, in some eases, occupational 
neurosis U curable by psy'cholherapy. It thus presents many' points 
of rescmblaiKX! to stammering, another functional disorder of ilncly 
coordinated movements; indeed, occiipatioual neurosis may* be de- 
scribed os a manual stammer. It must be admitted, however, that 
bufferers from occupational neurosis may i>osiFC«« a physiological 
predisposition which determines the character of their neurosis, a.-*, 
for example, Icft-handedncsa appears to predispose to stammering. 

Fatigue niid the effort to carry out ac-curate work against time 
are important precipitating factors, and binco in most ea.-^a the 
fiiffcrcr's livelihood liepemls upon his speed and accuracy, an ini- 
painnent of his efficiency evokes anxiety, which probably plays, a 
jiart in the jwychogenesis of the disorder. Numerous rH-cupalional 
neurascs have been desenbed, writers', telegraphists’, gold-beaters’, 
and piano-pLiycra’ cramjM bring the most familiar, but there is 
probably no ociupaiion involving the repetition of fmo moicmciits 
which is immune. Both sexes arc affected, hut males more often than 
females. 

Symptoms. 

Tlio symptoms of writers’ cramp will alone Ixi dc.'»cnb«l, since tho 
disorder is e.s.-enfially the same in other occuiiations. llie onset of 
eymptoiusis gradual, and the diaoider shows iLscIf at first oidy* when 
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tiio patient is fatigued, when a difficulty in controlling the ixrii leads 
to inaccurate writing. WTien the condition is well develoi>ed the 
attempt to write crokes a spa&m of the muscles concerned in holding 
and moving the pen, and this may spread to the whole of the uiijier 
limb The wliolc limb may thus become rigid, so that tlio act is 
brought to an abrupt stop. lUorc usually the attempt to write leads 
to jerk}' and ineo-ordinate movements of the fingers, so that the 
w riting is completely illegible The pen may lie driven into the paper. 
In some cases a tremor of the hand develops. No two patients 
present precisely the same disorder of function An attempt is often 
made to circumvent the disability by various tncks and unusual 
methods of holding the jien. Extension of the muscular spasm beyond 
the upper limb is rare. Sensory symptoms are common and are the 
result of tho muscular spasm, the patient complaining of a sense of 
fatigue or an aching pain in the muscles, not only of the tipi>cr limb 
but sometimes also of the neck Muscular wasting, sensory los.s, and 
re/lc.i: changes are absent In tho early stages tho disability is limited 
to the single act in w hich it originates. Later it may extend to other 
acta which are carried out by tho saino hand. Thus the woman 
already mentioned, after developing wnters’ cramp, learned to uso 
a typewriter. Her disabihty then extended to typing and finally to 
the uso of a paint-brush in water-colour sketching. The sufierer from 
writers’ cramp who learns to wnto with die left hand may de%elop 
the same disorder in this. 

Diagnosis. 

Occupational neurosis must bedi»tiiiguished from organic disorders 
of tho nervous system w hich may lead to a difficulty in carrying out 
fine movements. A careful history and physical examination usually 
render the diagnosis ea.sy, since ui such cases signs of organic disease 
are always present and the disability usually in\olve3 all finely co- 
ordinated acts to an equal extent from the beginning. 

Prognosis. 

Tlie prognosis of occupational ncuroais is usually bad, since in 
many' ca-ses the disability' is progressive, though recovery' may occur 
and some patients may be able to continue J heir occupation m spite 
of their disorder. 

Treatment. 

ProlongeiTrest from the occupation is essential, and tho period of 
rest sliould be occupied by psychological investigation and appro- 
priate psychological treatment. Tho way in which muscular .spasm 
jiiterfcres with the act ehoiild be explained to tlie patient, and ho 
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'lioujd ^>e taught muscular relaxation under skilled supenision. 
This should later be comlunecl with re-cducational exercises for the 
atlectoil hmh, and return to wtffk aliould be gradual, faligue being 
a% oided The patient's general health should be improved by means 
of Swedish remedial exerci&es and other appropriate measures. 
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AljortuH mpiiuigitw, 347. 

— C50. 

Abni-ens, lertholSar, 371, 374. 

— , extraiiunil. 371. 374. 

— . frontal, 37o. 

— , intracrunial, 371. 

— . — , actioloi^y of, 372 
— . — , ct'rel<ro-«pinal flual ui, 375 
— . — , Ulat^noMa of. 370. 

— . — , patholo^ of, 371. 

— » — r progncwis of, 370. 

— , — , HjinpUjnia of, 372. 

— , — , fremnicnt of, 377. 

— , ••pinal cxtrmlural, 021. 

— , Bubarochnoid, 371, 373. 

— BiibiJural, 371, 374. 

— , tcm]x>ro->'p}ien(iuUl, 08. 371, 374 
Abfeintiic, cpuopfly <1)10 (o, 834. 
Acalculia, 38, 103. 

Acoommoilaluin, ocular. 07, 73. 

— , — ^ paraiyaii of, 73, 724. 

pupil rooctton o»i, Pupila. 
— fpiwm of, 913. 

Acotyi-cholino, 777, 700, 812. 
Achylia, ga»tnc, COO, GOO, 701, 712, 
730. 

Aoroc(‘plia1o.Byn<Iacl}ly, 820. 
Acroccplialy. 830. 

Acrodjma, 721. 

Acromegaly, 220, 200, SCO, 049, 
703. 

Actoparoc^tlicsioe, 8S8. 
Adamaritinurna. 223. 
iVtlcnoma t>cbacouni, SOO-81. 
A<ha<lokokme!,iD, 49. 

^V<iie‘« ayndrainc, 83. 

Adiposity, M Obesity. 
AdiposO'genital cljstrophy, are Dys- 
trophy, ftdiposo gemtal. 
Adrenaline, 811, 812, 899. 

Aerocele, intrscra/iuJ, 332. 

Agaric, fly. 891. 

Ageusia, 197 
Agnosia, 104. 

—.finger, 10.7, 201. 

— , visuol, 100, 2.71. 

Agraininatwm, 90. 

Agraphia, 97, 98. 107. 

Air-sicknesi, 189. 

Alcohol adiUetion. GC3. 

, aetiology of, C03. 

_ — , diagnosis of, 660. 

, patiiology of, C53. 

prognosis of, 607. 

— — , symptoms of, C04. 

, treatment of, 007. 

— , coma duo to, 300. 


Akcdiol content of blood, GG4 
— , epilepsy duo to. So4. 

— mtoxicatian, (164, GG7 

— . polyneuritis due to, 707, 711 
Alexia. 97, 271. 

—.congenital, 100, 102 
AlLalo.,L4 anil tetany, 878-9 
— , epifcpsy Hi. 854. 

Allci^' ami epilepsy, 874. 807. 

Alpiia rliytliin, 132 
,\lzhei0ier’s du>cu>ie. 901-2 
,\inenorrhoca, 230-7 
iltnneaiB, 893. 

— . hysterical, 007. 

— , retrograde, 320 
Mnuaia, 98. 

Aroyotunia congenita, 70 < 7 
,Un>otropliy. sy^duliiic. 3'K 
Anaemia, 317 
— , pemiciuus, 098, 701 
AnacBiliesia, 'gloic and storking*, 
700. 912 
iiyrtcncai, 91 i 

— , musculo spinal paral,v sisaflcr, 748. 

— of comoa, 91 1. 

— of palate, 92) 

— of plwrynx, 91 1 

AV« aUo Touch, sensation of. loss 
of. 

Anaesthetic, spinal, causing ciplitlial- 
rnopJegja, 100. 

— , — . — myelitis, 650. 

Aneun'n, 722. 

,Vneurysm, carotid cat emous sinus. 
294. 

— , iiitracraziial, 287. 

— , — , congenital, 287, 

— , — , — , aetiology of, 287. 

— , — , — , cerebto-spuial fluid in, 291 . 
• — , — , — , diagnosu of, 292 
— , — , — , pathology of, 287. 

— , — , — , prognosis of, 293. 

— > — > • radiography of, 292. 

— , — , — , rupture of, 290, 052. 

— , — , — . By mptoma of, 289. 

— , — ^ , treotnient of, 293. 

— , embohe, 204. 

— , — , Byphditic, 295. 

— . — , traumatic, 294. 
ADg^blaetoma, 224, 260, 209. 

— ofiutina, 225. 

Angiography, cerebral, 243, 202. 
AngMUBa, aitetialo, 224, 209. 

— ^.capillary, 224. 

— , intramedullary, 618. 623. 

— , venoBuin, 224, 209, 652. 
Angioinatous malformations, 224. 
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.\iiiiiiu*. po]>iicunii<i Ouc to. 70S. 
.\iikto jt-rk. 39. 

.ViiorexiA ticnoiA, !)I3. ills. 

XncMniti. 134, iiSt 
Aiwi IcntK-ulafU. 47, 507. 

^VntiUiuny. pul> n<4intu Juu to, 705. 
Xnijply. sOSl. UlS. 

\]>nll>>.«inoltui'i&l. S07. 

A{>ha*ia. 04 
. uniir^tir, (>S. 

, of, 03. 

. ijcvrl(>p>]u.ntal motor. lUO. 

, «-xamuiatirjA of {Mtiu-oia uitli, O'*. 
— . jargotv. 0*1, 240. 

— . motor. OS. 

, (lotmnal, 0.5. 240, 2S1. 

, prt>sji>i>.w of, 00. 

, reiiumlK', l>0. 

.a^liUtliral, Oil. 

- . ttf'aliiK'nt of. lOO. 

virtMl. 0>. 24S. 

.Vplioiiia, 02. 

.\j5Kil tiiual>.aa, "W. 710. 

.\praxut. 103, 210, 231 
.VrsiliiiQKl. onAlomy of. 314. 
AraxlmoitlitM, cvn'ijral, 40*>. 

follottintt acuta IjtnplMH-^-lic 
cliono iiM'iunpti'i, lOO. 
of ijplio cliiaama, SO, 1 13. 

- .kjnoal. 6J1. 033.01(1. 

.Vrc* ktnala, .'>4, CO 

.Vriauiv. ]>blyitcitniia <luc to, 7tV.*>. 7VS. 
ArM.iio.bcnccnu ciicr])(i4lii(>atl>y, C>V. 
— , poljtipuntui tliio to, 7U9. 

AmoU Cliiart loalfomiaiiun. 207,213, 
214. 603. 

.Xncri'M Wiki*, tvnhral, 230. 

, — . ac(ial>i)ty uf. 230 

- , - , duu.Ti<>«U of. -’OS. 

- . — . |■a(>Juln,;y of, 2i>0. 

- . - . lwv>*tno.v» of. I'i'i. 

-. ajinploKM of. 207. 

. - . frvatnuiit vf. 203. 

Artcrj', anl< nor iT»fl<r*l, 241. 

- . . aiiuuiyam of, i’sS, 291. 

- . . oltairuction *if, 244. 

— , — cliorvtil, 390. 

— , ~ (ORimuiiicatms. 2st). 

, — iiifcrHjr ccrrU'lLar, 2tO. 

- . - kpukal, Wi3. 

— , — thr*<ml»r«M of. 30S. 

— La>ilar, 293. 20l. 

— . — , UicuryMil of. 230, 235, 

— . ~,ob»tniclion uf. 2s’. 

llputuKr'*, 2 sl, 2 b 1 . 

— , mti-mal <an>(al. 24(1. 

— , -- — , of. 2!lt. 

— . lateral of UtfslulU. ’2t(3, 

— ■ uikltllo rrrrtral. 2S|, 

— . — — ,atHuo<unof. 29S. 290,291. 


Artciy, inuliUo cerebral. ol>9lriictian 
of, SSS. 

— — mcning(-al, 32.», 326. 

— ,opiitliiilmic, 2i>(). 

• — ,j«Oatcrior ecTOhml, 2b2. 

— , aacurjmi of, 230, 2Ul. 

— , — — , obstruction of, 295. 

— — ,thronlbt«fc»of, 01. - 
— — cboroiil. 253. 

— » — coituniinicAimp, 2S0. 

— , , tuicurj -uTi uf, 200. 

— , — ttifcrior i crelx liar, 253. 

— — “ — . obatructiuii of, 28C. 

— . — »]vuial. G02. 

— — , llitomliOBia of. 395. 
-~,*u|ierior irrrtK'ltitr, 2S3. 

— , — — . ubstnictiun of, 254. 

— , sertcbral, 292, 2S3. 

— , anenu^'Ha of, 2 !) 0 . 

— , . ol»»tniclion of. 38fl. 
ArtltfoinlJiy. 412. 417, 422. 646-7. 
.\i.|il>}xia. rpil'iMy in, 554. 
.VMXultxl MjACltonis 43, r,0. 
Aktaaia-abaaia. OIQ, 317. 

Aailiuia and rpiJr{My, 854. 957. 
AklrobluktomA of apinal cunl, 623, 
ArtiSM-j-toina, 2111, 220, 250, 2C5, 
AUsia. 32. 

—, Fmslinfb’a, 507, 370. 

~, — . duienoaia of. 57.4. 

— . — , patlioWsy of, 570. 

prouno^M of, ri72. 

— . *5 inptoriLi of, 570. 

— , — . Ireatnicnl of, 576. 

— .ItcnibUry, 142, 507. 

— . — , Acl iolojty of. 565. 

— , — . <imciio<i« of, .'i75. 

— , iialholoity of. 567. 

— , — , nxcinblinjt (JiiM'iitiiulled 
vclertNUS 50", .'i7i. 

— , trtaUmtik of, 570. 

— in eenbellar tiiiiioiir, 2U). 

(n auIiAcuto eoniliiruHl ilrgtncra* 
tion. 700. 

— m Lnboa,4i4. 

— , Slanu'a rertbeilar, 567, 573. 

— , iiaLtiip^rdlroa n't, .’.07, 572. 

— . amaury, 2 .'i 0 . 

AllKtOM*, J30, 5«9, 532, 55.',. 

— . eun){*-nital duubln, 546, 5iS. 
.\Uopiiy, rirroin*enl«-d rortieal. im2. 
— , dcZajwl rortMul i-etebellor, 573-4. 

. RilucuW. duo tn b-ad, C7H. 

— , — infantile. 533 
— ,*yj«l,ilitic, 337. 

tome, 13. 596. 

~, myupatluc, "si. 

— , neuntl. |iruirrewik-e mo«^Ja^, 530. 
— , oplie. 1 4 1. 25S, 253. 2S3. 332, 40.'), 
412. 417. 421. 424, 4HS. 431, .', 06 . 
S7I. 572. 761. 935, 937. 
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Atrophy, optic, causca of, 141. 

— , — , congenital, 142, 549. 

— , — , prognosis of, 144. 

— , — , ayphilitic, 143, 332, 405, 417, 
421-2. 

— , — , toxic, 143. 

— , — , treatment of, J44. 

— . — , visual fields in, 144 
— , olivo-ponto cerebellar, 573-4 
— , oli%o rubro-cerebellar, 573-4 
— , peroneal muscular, 530 
— , progressne miwciilar, 577 
— , — bpinid muscular, of infancy, 
593, 505. 

Atropme, 812. 

Australian X disease, 427, 442. 
Automatism, poit-epilcptic, 860. 
AutoQomio centres, 817. 

— functions after spuial cord lesions, 
814. 

— nervous system, 809. 

— — — , pbannacology of, 811. 
, physiology of, 81 1 . 

— peripheral nerves, 800. 

AvelUs. sjtidronjo of, 200 
Ayala's index, 118 

B virus, 427. 

B41o’a disease, 470, 502. 

Biriny's pomtuig test, 51. 

Berbitoiio poisonisg, 305. 717. 
Barbittiraw addictioc. 670. 674. 

— poisoning, 6?4. 

Barbiturates m epilepsy, 809 
Batten-Mayou degeneration. 142. 
Beil's facial paralysLS, 169. 

Denedikt's syndrome, 34. 

Benzednne, 830-2, 899. 

— addiction, 670. 

— for epilepsy, 870. 

Berger rhythm. 132. 

Ben bon, 705, 711-15. 

Betz cell, 1. 

Biceps jerk, 39. 

Birth injury of braciiial plexus 741-2. 

of brain, 341. 545, 551. 

-of spinal cord, 014. 

Bismuth, polyneuritis due to, 705. 
Black tongue, camne, C95. 

Bladder, ^sturbancee of, 416, 4S2. 
607. 

, treatment of, 608. 

— m paraplegia, 611. 

— , uuiervation of, GOfl. 

— . physiology of, 606. 
Blepharospasm, 013. 

Blindneaa, hystencal, 012. 

Boma diirfase, 427. 

Bornholm diseeao, 781. 

Botulism, 090. 

— , aetiology of, 090. 


Botulism, diagnosis of, 692. 

— , symptoms of, 691. 

— , treatment of, 692. 

Bradykmcbta, 434 
Bragg-Paul respirator, 450. 

Dram, convolutions of — fronti-vpiece, 
atui see Convolutions, cerebral. 

— , mjunes of, 324. 

— , tumour of, see Tumour, intra- 
cranial. 

Broca's area. 05 
Brenudo addiction, 670. 

— , hallurmatiuns duo to. 891 

— uitoxicatioQ, 675. 

Bromides in epilepsy , 869 
Broan-Sequa^'g syndroinc, 32 
Drudzi/taki'a signs, 349 
Bruit, cranial, 234, 289, 293 
Uurd^h, column of. 30. 31 

Cachexia. 821. 

Caisson disease. 682 
Calcification, intracranial, 237, 2.'»!), 
330. 345. 

Calcium deficiency and tetany. 878 
Camphor, epilepsy duo to. 854 
Canals. seiBieircuJar. 178. 

Capsule, internal, 2-4. 

— , — , lesion of, 6. 

Carbohydrate metaboliniti, 819, 823 
Carbon bisulphide, ixdyseuntif due 
to, 705. 

— monoxide, epilepsy duo to, 8o4 
poisoning, 511, 631. 

polyneuritis due to, 705 

Cardiazol, epilepsy duo to, 854. 
Cataplexy, 828. 

Cataract, 768-9, 791-2. 

Catalonia, 245, 529, 

Cauda equina, arachnoiditis of, 369, 
370. 

— — , compression of, 033. 

— — , injuries of, 615. 

— — , tumour of, 633. 

Causalgio, 737-9. 

Collulitis of orbit, 86. 

Centrum scmiov ale, tumour of, 2.>2. 
Cephalodyma, 778. 

Cerebellum, abscess of, 371, 374. 

— , anatomy of, 46. 

— .connexions of, 47. 

— , deficiency of, symptoms of, 48-51, 
— , functions of, 48. 

— morphology of, 46. 

— , primary pa^encby^natous dogene* 
ration of, 573-4. 

— , tumour of, 259. 
Ccicbro-apinalfiuid,ahiaqilionof.l09. 
appearance of, 119. 

— — . bacteriological exaiiiination of, 
125. 
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Cerebro spuial fluiil, blood in, 119. 
. celU in, 

, chlondw m, 110, 123-4. 

, circulation of, 109. 

. colloidal reactiona u>. 124, 394, 

403, 409, 419. 496. 

, composition of, 109. 

. foirnatioa of, 108. 

, globulin in, 123. 

, glucose in, 110, 124. 

, prossuroof, 117. 

.protein in, 110, 122-3. 

, spontaneous clotting of, 720. 

, \olumeor, 110. 

, sautlirocliromia in, 120; 122, 

291, 327, 336. 330, C28, 720. 
Cliarcot-Marie.Tootli'a ilu«ai». 390. 
Cliarcot’a joints, ate ArthTopa(h>. 
Chiasma, optic, 34. 

— , — , araclmoiditie of, 50, 143, 

— , — , injury of, 50. 

— , — ^ tumoun of, 30, 254, 239. 
Cbickenpox, «« Kncephalo-myelilie, 
acute diswimnated. 

CbVeTal addiiiUtia, ^74. 

— poisoning, 305. 

— , poJyneuntie due to, 703. 
Chloietonc, poljTieunlu liiie to, 705. 
Chlorofonn, epuepey <Juo to, 834. 
Chokalcatoina, 217, 226. 
C}ioline.C8teraie, 777, 796 
Cboudro.myxofiarcoina, 227. 
Clionioma, 227. 
spinal, 623. 

Cbonlolotny Cor causalgia, 739. 

— for painm tabes. 422. 

Cliorea, 130, 432. 434, S09, 535. 

— , congenital, 348. 

Huntington'S. 541. 

— .paralytic. 33". 

— , rheumatic, S33. 

— . senile, 543. 

— , Sydenbana’a, 533. 

— , — , aetiology of, 535. 

— . — , diagnosis of, 538. ■■ 

— , — , pathology of, 535. 

— , — , prognosis of, 539. 

— , — . symptoms of, 536. 

— , — . treatment of, 340. 

— , tetanoid, 523. 

Cbono meningitls.acutelyiophocyiic, 
347, 427, 458. 

Choroid plexus, papilloma of, 527. 
Chsostelc’s sign. 880. 

Cistcma chiosmstis, 345. 

— interpeduacularis, 345. 

— magna, 344. 

— pontis, 344. - 
Clonus. 9. 39. 

— . ankle, 39. 


Clonus, ]>atcUar, 9, 39. 

Cocomc, 891. 

. — addiction, 670, 673. 

— , epilepsy due to, 854. 
Ctmygodynia, 702. 

Cold, end organs for, 26. 

• — , smsation of, 24. 

~, — , low of, 32. 33. 34, 30, 019,626, 
644. 

— patli* for, 31, 33, 34. 

Cull buiUuii iBUSing meningitis, 347. 
Colitis, polyneuritis duo to, 712. 
Colloid cyst of tiurd \cnlncle, 227. 
Coicunn, Clarke's, 32. 

— , postenor, of spinal coni, 30, 31. 
Coma, acute alcoholic, 305. 

— , diabetic, 304. 

— ; diagnosis of, 303. 

— ^liy-poglycaiinic, 304. 

— , uraemic, 305. 

CiMiuDissure, anterior, 134. 

— a of spinal cord, 31. 

—.grey, of spinal cord, 31. 

— , posterior, 69, 81. 

Comptesfeion of spinal, cord, see Spinal 
cord. 

— , tramnnuc cerebral. 324. 

— , — , prognosis of. 320. 

— , — . symptoms of. 320. 

— , — , tTvatment. of, 330. 

CompuLiion neurosis, 922. 
Concussion, 323- 
— . pr^nosis ot 328. 

— , symptoms of, 325. 

— ,lrefttroeatof, 329. 

Conduct, uspulsivo disorden of. 897. 
Cbngoslice attack, 404. 

Contracture, ischscmic, 756. 

muscular, 8, 14. 

ContuKioa, cerebral, 3'24. 

— , — . prognosis of, 329. 

— , — , pjujptonjs of, 32.7. 

— , — , treatment of, 330. 
Coniergence, «cs Dyes, eonjugaCecon- 
icrgeoco of, 

puml reaction on, sre Pupils. 
CoQxoiution. angular, 96, 07, iO.i. 

— acuneiis, 01. 

— .lingual, 61. 

—.postcentral, 2, 4, 36, 88, 105, 
249-50. 

— , ptecciitral, 1-2, 9, 30, 89, 94-5, 
246-7. 

. — ; second frontal, CS-70, 93. 

• — , superior temporal, 4. 88. 

— a supramarginal. 4, 96, 104. 

— • thud Jronlal, 9.5. 

— , tliird fcmpoiiil. 9". 

—.uncinate, 134-.1, 248. 

Convulsions, 210. 232, 24.5. 251, 297, 
320, 341, 349, 355, 378, 381, 334, 
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3S8, 302. 40o, 423. 435. 472, 501. 
o52. 557, 077, CSI. 037, awi tee 
Epilepsy. 

Coiivuliiions, cerebellar, 11. 

— , h^Hteneal, 008, 017. 

— in general paral>-st«, 404. 

— in infanlilo bomipJegja, 552. 

— in inirapj'anial tiiiiiour, 232 
Jaek.v5nian. 9, 70, 247. 297. 320, 

302. 561, 861 

— , tonic, n, 253. 200, 264. SOI. 

— . sensory, 250, SGI 
— , uncinalo, 248, 238, 239, 297, 
SSI. 

Copper, poljTieuritia iluo to, 705. 
Cornea, pigmentation of. 525. 

Corona radiata, 3, 10. 

Corjiua callosum, absence of, .546. 

— — , tumour of, 251. 

— qnailrigcmmum, inferior, 175 

— ~, superior, 55. 

— striatum, anatomy of, 506 

. functions oh 508. 

Cracked ixit suunil, 211. 

Craft palsy, 923. 

Cramp, gold-baators', 920. 

— , piono-plaj'ors', 920 
— , occupational, 923. 

— , telegraphists', 926. 

— , wnWrs’, 020. 

Ctaniopharyngoal pouch, tumours of, 
223. 

Creatine, 777. 780, 797. 709. 
Cieatimno, 777, 780. 797. 799. 
Crcatmuria, 777, 780, 709. 

Crises, talietic, 418, 422. 

Crutch, jMialysu duo to, 748 
Cyclothymia, 898. 

Cysticercosis. cerebral, 228, 270, 854, 
860. 

— of spinal cord, 021, 624. • 


Deaf-mutisni, 177. 

Uaafness due to me/ungiliSr 359. 

— , liystoncal, 912. 

— , middle ear, 175 
—.nerve, 173, 233-4, 202. 

— , — , causes of, 176. 

D^erebrate man. 11- 
Defaecation, tee llectuin. 
Degeneration, ccrobro inacwlar, 142, 
5.56.841. / 

— , hepato-lenticular, 523. 

— , progressive cerebellar, 573. 

— , — lenticular, 523, 

— , reaction of, 14. 

— , subacute combined, of spinal coixl, 
697. 

— , , diagnosis of, 701- 

— , , fannlial. 098. ~ 

— , , potbology of, 697. 


Degoncration, subacute combined, 
penplicral nerve lesions in. 098, 
702-3. 705. 

— , , prognosis of, 703. 

— , , symptoms of. 099. 

— . ■ treatment of, 703. 

vu, 248. 893, 895 
Dpjenne Klumpke paralysis, 742 
Deliniun, hallucinations m. 891. 

— , memory defect in. 893. 

— rremena, 664, 668, 891 
Donientia, 24.',. 251, 2.53, 297. 331, 

392. 701, 900 
— , alcoholic, 066 
— , causes of, 001 . 

— , diagnosis of, 903 

— paralytica. 401 
— , preseiulo, 001-2 
— , aymptoma of. 900 
Doniyxlinatmg diseases, 469. 
Dcmyelination, 409 72.470,483,480, 

489, 501-2. 097 
— , concentric, 470 
DcprohSion, 898 
llcrmatitis artefocta. 013 
Dcnnate.myositi4, 779 
Dennograpnjsit), 813 
Dermoid, intracituual. 227 
Dovic's disease, 470, 480. 

Diabetes uisipidua. 3.99, 302. 818, 
822-3, 839-4. 843 

— mellitua, 792, 843 

— — , coma in, 304. 

— — , l«lyneuritia due to, 705, 71.5- 
17. 

. ophtlialmoplcgia in, 149. 

Dilauiiut addiction. 670. 
Dimliobcnsol, polyneuritis due to, 
705. 

OipliUiena, nervoua coniplicallorm of, 
723-6. 

— neuritis due to, 705. 

Diplegia, congenital, 545. 

— — , aetiology of, 545. 

— , — ccrobelLar, 549. 

— — , dingnosia pf, 54St 
. — p jiathology of, 545. 

— , . prognosis of, 519. 

— » — f ayinploizia ot^ 54". 

— . — 1 Irtsitinenf of, 5.70. 

Diplopia, C4-7. 
tbpsoniania, hUX 66J, 

Disk, interrcrtebral. proUfs^s of. 62 J. 

633. 634. 773. ' 

— optu?, 136. 

Dwtemper, dog, 427. 

Drinker rcsiarairjf, 4.70. 

DmgedfiMrxi, 669. 

DninLeruwsss. jiaity.l/ygical, C&t- ^ 
DiunblWl tumour of 
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Oura mater, anatomy of, 344. 

— — , carcinoma of^ 335. 

DwaiiUin, 358. 

Djsarthriu, 50, SO-Ol. 

D.\bOiitery, pellagra iluo to, C03. 

— , polyneunti* <lue to, 705, 712. 
D>ametna. 43. 

Dj-^pliagia, 198, 584-5, 797-8, Oil. 
D>i,rl)>*thmia, pArox}8mal cembrol* 
8.>3. 855. 

D>‘,tonia tau4CulofiuQ deformans, 

Dygtosia. cranio facial. 830-8. 

— , diabetic oxophiiialmic, 830. 
Uyiitrophia miisculorum hyperplas* 
ttoa, 783. 

— myotonic.^, 788. 

— — . aetiology of, 780. 

— — . diagnoai* of, 79J. 

— — . pathology of, 780. 

— — , prognosta of, 703 

— — . aymptoma of, 789. 

— — treatmcDt of, 795. 

Dyalrophy, adiposo-geniwl, 5G0, 818- 

— . muacular. "81. 

— , — . aetiology' of, 783. 

— , — , fliaguosi* of, 787. 

— , — , duud fonn, 788. 

— , — , Krb'« type, 780. 

— . — , racia''<capulo.humerAl ts 

785. 

— , — . iutmde t)-pe, 780. 

— . — . Landouty and Dejeriiie type, 

— . — . late tjpe, 788 
— . — , Leyden* MAbiua type, "85. 

— . — , of Uamca, 783. 

— . — . pathology of, 782. 

— , — , prognoMi of. 780. 

— , — . pMnido-hypcrlmpliic, 783. 

— , — . ayinplonu of, "83. 

— , — . treatment of, 787. 


Echotalia, 97. 

Kctainpda, 313-15. 

— . epilfp«y duo to, 854. 
lliaciiIatKi pruevox, 825, 

Klettne nhock, 083. 

Kli'ctncol reactions ofniii«lcic, 14, 
Electro uirvpIudcigiBphy, 132. 

— m epilepK)', 8<M, 8<i9. 

— in iiitrucroniol tumour, 244, 

— in slecij. 827. 

— in injoctonus epilepsy, S87. 
I'mloilissa. cer, brill, 311, 

— aetiology of, 31 1. 

— . — , cliagnosw of. 303. 

— > ■ — • palliology of, 311. 

— . — . iimcmwia of, 312. 
eyniptiiins of. 312. 


Etnbolum^ cerebral, treatment of, * 


— . paradoucal, 311. 

EntiXioo. disordent of, 897. 
Enrepliatitiif, acuto haemorriiagic. 
378. 

.»eul8 UITOU3, ITS. 

— .oeute toxic, 378. 

— , lux. 427, 

— k Japanese typo U, 427, 439. 

— lolhargicm 427, 438. 

— — , aetiology of, 429. 

— — cerobro-spinol fluid in. 432. 

— — % diagnosis of. 430. 

— — patiiology of, 429. 

— — i, prognosis of, 430. 

— ,ayniptoin9 of. 431-5. 

, treatment of, 437. 

— pcnaxinlis di/fuso. 470, 502. 

— , suppurative, 371. 

— , typo .4, 428. 

Stt ol*o Cnrephalo-myebtis, 
Eneepliaingrapliy, 240-3. 

— , oneriol, 243, 292. 
EiHCpIialolcukopalliis scloiuttranii. 
470. 

Enceplmlo-myolilis, oculo UiueinU 
noted. 470, 471. 

fOropliMiting oatirabie 
ireatmcnl, 477, 4*0, 475. 

— . — — . complitotiDg chlclioa>pox, 
470, 475, 484. 

— . , eoni plica tiug Ooruiaii 

measlM. 475, 483. 

— , — — . coinpluoting tucaslcs, 470, 
475. 482. 

— , eonvplkaUng otnaU-pox, 
470. 475. 481. 

— , — — . complicatiDe ' accitiBlion, 
470,47,7. 477, 

— cwnplieoling acute uifcctiuns, 475. 

— — — — . aetiology of, 470. 

■— — — — , pathology of, 477. 

— .oqumo, 427. 

— , piMt'Vaccinal. 470, 47.7, 477. 
EIncrpbala myrloroaJacuKhronicadif* 
fusA. 470. 

Enccplialopalhy, acute toxic, 378. 

I — , hypcrtcnnivo, 31.3. 

— . — , aetiology of, 313. 

— dmgoovis of, 315, 

— paUiolcigy of. 313. 

I — , — . prognows of. 315. 

: — , — . aymptums of, 314. 

— , treatment of, 315. 

— .proifreaBiift Bulxortienl, 470. 
KiHiartcntis, fvplulillc, 301, 393, 398. 
397. 

Endothfhuina of Fpimil coni, 623. 
Kniimis, nocturnal, &i)8, 0.71, UK, 
917. 
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Ei)endymoma, 218, 221, 203, 56J. 

— of fcpmal cord, C23. 

Ephodnno, 812, 830-2, 890. 

— m inj asthenia gravis, 797, 801. 
Ejudenijoid, c-erebro spinal, 220. 

— , liypophyfecal, 223, 258. 

— , temporal, J68. 

J'pdqioia partialis eontiiiua, 2-1?, 861 
Epilepsy, 852; ami get Convulsions, 
acoustieo-tnotor, 801. 

, aetiology of, 833. 

— , alcoholic. Coo. 

— , aura of, 858. 

— , carotid sinus, 87.3. 

— , cerebro-spinal fluul in. 803 

— , diencephalic autonotnie. 819, 878. 

— .encephalography in. 863. 

— . endocnne factors and, 856. 

— , heredity m. 855, 808. 

— , history of paticnta with, 855. 

— , idiopalluc, 85-1. 

— , — , aetiology of, 855 
— , — , ago incidence of, 857. 

— , — , diagnosis of, 8Ci 
— , — , tlietctio treatment of, 871 
— . — , drug treatment of, 868. 

— , — , electro encophatograpliy u 
804, 809. 

— , — , pathology of, 8S7. 

— , — I prognosis of, 800. 

— , — , surgical treatment of, 867. 

— , — , symptoms of, 858. 

— , — , treatment of, 807, 

— in t'piloia, SCO. 

— , inhibition of, 862. 
inhibitory, 861. 

— , Jacksonian, 9, 70, 247. 297, 320, 
392, 561. 861. 

— , larjngeol, 87Jr 
— , major, 838-00, 864. 

— , mental abnormabtios and, 863 
— , tumor, 860, 864. 

— , muMcogenic, 801. 

— , inyocJoniis, 880. 

— , physical abnonnalitios and, 863. 
— , piiysiological nature of, 852. 

— , pleural, 873. 

— , psychological factors in, 837, 87J 
— , psyc-hoinotor, SCO, 804. 

— , reflex, 861. 

— , sensory, 250, 861. 

— , serial, 802. 

— , sox incidence of, 857. 

— , syncopal, 872, 875. 

tune of day and, 802. 

tonic, 11, 253, 260, 264, 801. 

traumatic, 337, 856. 

— , uncinate, 248, 258, 259. 297, 801. 
— , ventriculography m, 803. 

Epiloia, 559. 

Erb-Duchenne paralysis, 741. 


Erb’d electrical reaction, 8Sl. 

— tnuscuiar dyetrophy, 780 

— syphilitic spinal paralysis, 39fl 
Ergotamine, 6U4, 812, 843, 844. 85! 
Ei^ltsit], 693. 

— , convulvivo, 693. 

Ergotoxia, 694, 812 
Erythroemia, 1.37, 309 
Eryiiiroedcma polyiioiiritis, 721. 
Ether addictiaii, C70 
Kucoilal addiction, 070. 

Eiiplioria, 495, 898. 

Exainuiation ef jiatient, 128 
ExopUtlialinic goitre and inyostlieiiia 
gravis, 797, 808. 

Exoplitlialmov, SO, 259, 319, 435, 
805. 836-7, 839. 

— , causes of, 86 
— , [Hifsatmg. 295 
Eyelids, umervatum of. 8,3 
— ,pU>sw of. 85, 2.'3-4, 41C 
— , retraction of, 73, 85, 233-4 
Ey<w. conjugate convergciiee of, 60 
— . — — , parajjsi* of, 73. 253, 254 
— , — . — . s|>asm of, 913 
— , — lateral inov ements of. 68 

— , paralysis of, 6, 10, 11, 71, 

72. 253. 

— . — mov einent of, di«ciat ion of, 7 1 . 
— , — spasm of, 70, 72. 

— , — vertical inovoments of, 69 

— , paralysis of, 72. 253, 234 

— , roovcinenta of, 62. 

— , muscles of, 63. 

— , — , paralysis of, 64-7 
— , reflex fixation of, 60, 70 
— , skew deviation of, 50. 

I'ace, paralysis of, ICC. 169 
— , — , causes of, IG6. 

— , — .congenital, 108 . 

— , supranuclear paraly sis of, 7, 10. 
Facial hemiatropliy', J5B. 

— spasm, clonic, 171, 172 
Falx, anatomy of, 344. 

— , calcificalion of, 345. 

— , tumour of, 248. 

Fascmculation, muscular, 13 
Fatigability, muscular, 706-8. 
Fibrillation, muscular, 13, 14, 581. 
Fibroblaafoina, arachnoid, 222 
— , inciungool, 222. 

— , pennourial, 223. 

Pjbrositis, 777, 

Fillet, decuEnation of, 33, 

— ^.gustatory, 195. 

— . lateral, 175, 

—.median, 11, 33. 

Finger-drop, 748. 

F»suie, calcarine 61. 

— of Rolando, 30. 
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yiuiior, uunuiUr, »»7J. 

toiTirTNH ofLiiM-liktt, lUt. I 

— of Miiiiro. Hl». I 

— , ojvtK’, cHlnrjKrnOit of, 25'J, 294. 
Korvl. cloouiMation of. 33, 

Form, appreciation of, 2,^, 30. 
Fortification n>«.ttn. StO. 

1'omIIo’» iijuiiroruc, 11. 

Froin'n r}n<lruuu>, 124. 

Frontal ii)peroi.U>,im K.‘l, 042. 

— loUra and tncntal fiifictiueu, 890. 
Fiijjuc, liyiitcritftl, t«J7. 

Fundua oculi, 130. 

Gajt. oAcr ctrolicllar Imion*. .*>0. 

uiaxK-. CO, 2(>0, 413, 49J, r,70, TuO, 
7ii. alo. 

. foattnalmg, 314. 

— , hemiplegic, 8. 

— , lijtterical. 1)10. 

- ni cervbcllar tumour. 2t>0. 

— ui tli««cinuuttod m:I( r»Hi.s 493. 

— in 1‘Mkiiuminatn, 311. 

— m rubacuto (.-oinhined ilogcnem* 
tiun, TOO. 

— uv tal>e«don>alt«, 413. 

— , K-wxwrs, 318. 

— , xtc^page, 713. 

Ganglioglioma. "41. 

Cangbon, ciliary. 810. 

— , Uaueruin, 131. 

. tnifolioii of, 163. 

— , — .tumour of, l.’>3. 

— , gcntculaui. 16«), ITJ, 194-3, 8|0. 
— .jujpxlarB, 193 
— , nodonuui, 1 05, S 1 1 > 

— of Scarpa, 179. 

— , otic, 810. 

— , fioatcrior root, 20, 

— , rplienopalatino, 103-6, 81U. 

— , rpintl, of eochira, 173, 

— , nilHnaxiUary, 810. 
UaiiglioDeuronia of liram, SIO, 241, 

— of rpinsl coni, 043. 

GargojUaui, 337, 841. 

Gaatre^loiny, subMUlo coiiibinal Jo* 

gencniiiun after, 699. 

Cufclro etiterostom)', pgl^ncuniu 
after, 712, 

, subacuto combined degenera- 
tion after. 099. 

Gauchcr’s doaiaso, 839. 

Geniculate body, exlcmul, iiS, 39. 

, mteroal. 173. 

Geruiati moa..i(«, CCO; tee a!*a 17d- 
ceplialom^ehiu, mute Jisaeim- 

Genstroanu'a asiiilroine, 103. 
Giganiuim, 226. 23,>. 

Ginger jiaralyitis, 703, 710. 

Glaucoma, Ll3, 138. 


GJiuinii of vjitic thiik'iiui, 239, 303. 

— — aj^jiil coni, 023. 

GtiofnAs, iMitlioh'gy of, 317. 

GIuImm liyaUrreiiK, 913. 

— |Hjiiilua, 4. liUO, .'ilO. 

UkmiM in fN'Ilagni. 094-3. 

— — wtbaciilo ciimUiued lUsi-iata. 
tain, 699, TUl. 

Gl^iuio for miiaciilar dj atrophy, 787. 

— fur ]»> asthenia graviv 801, 
Gljcaniinn, 333, 2.73, 233, 203-4, 

394. 433. 

— ootl ttie li>iiuthiLlainuis 919, 843. 
— , ccn'tirat, 823. 

— in in>a*ihenja gnivl/i, 799. 
Uoilroaeauphlliahiui', 86, “initeeatto 

llypenh} roiiiinu. 

GoH, coliunn of. 31. 

Coiiurriiuea, ]>ol^iictinlL4 iliio to, 763. 
Gnulriiigo'asjndrdnic, 114, 134. 
Gtatal Ilia], 8.>8. 

Gra,<piiUt. forced, 43, 243, 232. 
Gniping. fumd. 43. 

Guuutm, uilrocraiuat, 249, 279, 389, 
391. 393. 363. 

IlanuaiupobUstuma of kpiiiol coni, 
643. 

llaeiuoiigi^Ria. caveniuiiit, 224. 
Haomatuma, chroma aulvluml, 234, 

Itaonatom^clia, G17. 
IIacnwti>por|>h>nnurta, 717. 
JtacmorrliAge, aiuto subdural. 344. 

cmbral, 499. 

— . — , aetjoloj:> of. 200. 

— , — . diugQu,<i« of, 363. 

— . — , palluil(>g}‘ of, 299. 

— « pitignosit of. 308. 

— . — iiyiiiptoina of, 300. 

— , — , iruatitieiii of, 307. 
—.extradural, 343-6. 

— inlu Intcmal eapsule, 301. 

— into pono, 302. 

— intoNentnckis 304. 

— , relmal, 136. 490. 

— , auborBchnoul, 120, 139, 280, 290, 
2*)4. 

llallurinaiiuiu. 801. 

— .auibioiy, 178, 210, 603. 

— to epllejiay. 838. 

— in »^p, S29. 

— ofmocnicot, 180. 

— of smell, 133, 248. 

— of taate, ] 1)3, 248. 

— , ttsUAl, 449, 063. 
llallaiiiiOsin, 801. 

— . aeiito alibhuhe, CGo. 009, BUt. 
Ilanilo, vsHstmgof, itiagnosni of. 733. 
Uisail. cerebellar posture of. 201. 

, — ui intrucranial tmnuur, 43l. 
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lltAiJ '"rtli. 311. 

. (-(TMtA or, 3J3. 

. tale LtliH U of. 031. 

. [xHtua' aOtr ixaU'lIur Iomhmm, 
■(U. 

/rlnictjitf). 3iy, 330 
. niUtal {M^xtua of. 2Q1, .‘tU-l. 

, n>tution of. 7 

HcH>(iKln> luuiJ mjurj . 331 

■u intauriuiiul tumour, 230. 
m menin^liii. 31'J. 3 .'m. 

- Ill m<iun}{o vaMiiUr nxtiliilix, SIS, 

331-2 

ui iiuta^amr, HI? 

, mvcstij^ulion of, 276 
HiNtriniit cortiral rciita' for, l“3 
. tfxU of. 173 
Jli'art ami H74 

, loHtrrual (tuonicrs of, 314. 

— rut**, 2t>3-4 

H74. 

Ili'ul, iiul urKotw fur, 20. 

~ , Miixaixin of. 24 

- • , l*n» of, 32-4, 36, 012. 026. 014 

3 

— , {intlin for, 31, 33-4. 
ItrimaiiojiiA, .*i3, 

- , laiioxal, 33, .‘i?. 

biUm|iorii>, 53. 30, 237-6. 

— , iiun'ion>i<Hi>U, 33, 3H, Cl, 231-2. 
237, 2H5. 28'J. 

— in miiir/utio, H46, Hlb. 

(liioiinmlir, 33, 30, Gl, 24'J, 23U. 
237. 

llrmiata>ph>, crrcliml, 306, GOo. 

facial, 520. 

Ih-niiplcgia, 6. 

— . c-oiigcintal. 330 

— , (rt/M<xl, JO 

— tliu) to ua bra] liiwinorrliagt*. 30l 
-, iLjilillicrwI. 723. 

- - m «< ulti wfoehojiii, 55J. 

— m lulruinuiial tumour, 232. 

— , uifoutile, 530. 

— , HjinjitaiiM of, 0. 

— , 3U3. 

Hump. Inilioii, mldictiun to, 670. 
Heroin tKliiictioii. 670. 

HoqH-'ii *ortlpr, 140, 402, 700 

after HUfMinu.linoii] Jutcinor- 

rliBgo, 201. 

, aetiology of, 403. 

, OilignosH of, 400. 

— cnccpliabtm, 400. 

, geiiiciJrtlc, 406. 

in HyfOiilitio jiuliLuIilin, 308. 

(ulxw. 4ZS. 

oi'htlmliiiit, 403. 

, pulliology of, 403. 

, jji-ogni»iii of, 407. 


937 

HtqM*tf rionl* r, ,>jin|ituiiw of, 401 
, tn-utnuiit of. 407. 

— , \i4-eral iiiHiiire>ttAli(iii!i uf, 403 
Hictup, 203-4, 4J2, HIO, SHI. l<23 

— , «'|>ulemie, 0*13 

}iip{iiJ'it liiMVHt*, 22.> 

Ilip|MM.Aiii|Hi'< major. lO") 
lli,.tur}, elicitation of. 120 
HoilKliiiri* liiNeime, 6'2i-2 

, »nlia< ulo Lombiiuxi tleguiieru 
tioii in, GO'J 

llaini. iinurior, of -iimal roril, 12, IJ. 
16 

, |K>nti’rior, of njiiiiaI i onl, 3<l-2 
liiiriur'i* i<>nilit>me, II, T'l. 2 m 0 
Ifimei'r ucleinit. 763 
Horkra MMulmme. Ml 
ll^cUtiii r)xt of brain. 22'* .'To 

— ofejniiiO mml, 021, u.'l 
IlyilmeepliHlui, 200. 233. b4I 

. ucqumil, 211. 214 
. aelioloio "f, 260 
.40uiinum<alii>k'. 26H 
20‘i, 213 

. iluignooH of. 212 

— «Ji»o to MMiimgitj*, J, 

• .«.l>.tructiiu. 26H 
— . otitie. 267, 211, 320 
, |iutt>olcg> of. 266 
, paigiioxia of. 2i.'l 
. iiytnptumx of, UOil 
* , •)pbihtic. 362, 124 
— . trcaimt'/)i of, 2)3 
H><irup)><ibiu, 434. 

H>p<.*racuAii. 171. 
ll>i>cik(raloi>ia. 706. 
ll}I«*mwo anil tetany, 870 

— hyaieneal, 614. 
li}|)ort>»Ui.*ia frotiloJit inteiTia, 8(2. 
JJypcri>atku>, 33. 

11} l>orM>inma, 252-3, 204, 303, 828, 
830-1. 

— , taij-ita uf. 831. 

— (tlcctru cncephalograpliy iii, 831. 
llyperteiiBion, malignant, 137, 313- 

15. 

llyiicrtliyroidistn, 433. 
lljperionia, mtixeular, 6. 309-10, 
51:4-14, 520-1. 528, 548, 584-3 
Hyiicrtruphia imwcnlorum vera, 783. 
Jf}pO(;{}(.ueinjn. (.uina in, 301. 

— , cjiik'psy m, 854. 
ayiieojio tn, 874-5. 

IlyjmpiluUarLiin, 220, 233, 234, 250, 
2G0. 

-—anil epiIcjMy, 854-5, 803. 
llypotliaUiinus. functiona of, 818. 
nuclei of, 817. 

Hyi>olonia, muacular. 13. 48, 2C0, 
415. 509-10, 528, 537, 585. 594-5. 
Ujiiteiia, 663. 
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Hj itoria, ecliology of. lM)j. 

— . amnesia m. S03-.'». 007. 

— , coDMil-iona m, 1)04. 

— , iliagnosw of, fll.'i. 

— , gait m, 910, 817. 

— , involuntary movenv-ula ul, 911. 
— , memory defect m, 093-5, 907. 
— , pauj due to, 15S. 

— , pondysL? duo to. 909, 917. 

— , pniguosu of, 910. 

— . ngidity in, 010. 917. 

— . eenKiryJoes in, 911. 

— . symptoms nf, 5)06. 

— , tranco in, 305. 

— , treatment of, 910. 


Icterus gravLi neonatorum, 553. 
Identity, sense of, 895. 

Idjooy, amaurotic fonuly, 550; sea 
altto Degeneration, cerebro. macular. 
Idioglossia, 101. 

Imnerception. congenital Budiloiy, 

100 . 

Impotence, 410, 8.1J, 014: 

Indian lienip, 591. 

Infatiidisai. 434, 560. 

Influenaa bartilua causing memngitu. 


— .nervous complicaticna of, 384. 

— , polymeuntiS in, 70.?. 

Injection of Oasscrion ganglion, 103. 

— of mandibular nerve. lOI. 
of jnasiUary nerve, ICO. 

--or supraorbital nerve, 160. 

— , HBcru epidural, 774. 

Injunes of the brain, 333. 

— — , dutgnoAis of. 328. 

— — , progno&is of, 338. 

Insonuua, 433, 831-3. 

— , cau«M of, 832. 

— . treatment of, 833. 

Intentmal obstruction ami tetany. 


Intoxuatjou. muacuto-enuuil paraly* 
SIS due to, 748. 

Iridocyclitis intli poIjmeunUa, 721. 
Iridoplogia, rvRex, 81, 253-4, 392. 


Jackson, Hughlinga, syndrome of, 

200 . 

Jacksoman epilepsy, tet Dpilep^*, 
Jacksonsian. 

Jaeger'a types, 135. 
Jakob-Cicutzfelii's disease. 901. 

Jaw. paralysis of, 7, 11. 

Jaw-jerk, 38. 

Jaw.winWng, 105. 


Kmiig's sign, 349. 

Kemiktents. 55.?* 

Ksdnr^’, congenital cystic, 295)-300. 
Knee jerk, 39. 

— — . pendular, 31. 

Kotaakuw'a paycltosia, 331, 393, GOo, 
701, 719, 893-4. 800. 

Krob^'a dLseaae, 470. 

Labuur ediuing obturator paralysis, 
758. 

— — sciatic paralysis, 7(4). 
Labynnili, funelionii of, 178. 

. — . leista of, 179, 181—4. 

Laby rinthitii^ acute, 187. 
tsu-eration, cerebral, 3*34- 
Lactation find tciany*, 879. 

— , persistent, 255- 
Lalling, 101. 

L^i<louzy.De]eniU! typo of muscular 
dystropjiy, 785. 

l^iulry 'a paraly sis 4 84, CbO, 717. 
Lange’scoOoiil^ gold reaction, 124-o. 
L« 0 'nx, paralysis of, 198. 

Lasoguo's sign. 771. 
Lautence-i^loun.lliodl syndtoine, 143, 
820. 

Lead eneeplialopalliy, 314, C76-7. 

— ocuntis, 6*5-8. 

— poisoning, 076. 

Lober'e optic atrophy. 142. 
LeR-banJedntes. 8$. 93—4, 539. 
Leprtwy. 700. 730. 
LcptonMiairk]iis*MU(c> 346. 
Lelliatg^. 431, 433. 

Leidtaemia, 631, 622. 

— . suliacute combined degeneration 
to. 699. 

Lcukodystropliy, 470. 
LeukoenrejdialopaUiia inyeloclastica 
prunjlilva. 479. 

Lcy-alen-Mobius typo of muscular 
dyalTopViy, 785. 

Luulau'e disease, 235. 

LipiodoL radiography wilb, G30. 
Lassiwm type of general paralyKis, 403. 
lattlo'a dinGOse, 545. 

Liver, cirrhoaia of, 522. 534-5, 327. 
Liver extract for jiellagra. 696. 

— — forpolyneuntis, 715. 

for suliacuttf ronibmcd de- 

gcneraliou, 703. 

Lobe. Irontal. 4. 44. 78, 90. 233, 244, 
890. 

— .occipital, 4, 58, 01, 63, 88, 04, 
97. 105, 231, 583. 

— .panetal, 36, 58-9. 97, 105. 249, 
371. 

— , tempond, 4, 58, 89, 91, 101, 24^ 
371. 374. 

Lobiit^ paracGulral, 2. 


Kalm reaction, 401. 
Kayser-Vleischer rmg, o23. 
Keratitis, neuropathic, 155, 164. 
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Locomotor ataxia, 410. 

Logoclonia, 902. 

Lovpuig-i)]. 427, 442 
Lumbago, 778 

Lumbar puncture, intlicalioiiit for. 
113. 

, method of, Il4. 

, Boquelij of, 110. 

Lumbar sacrohzatioii, 771. 
Lymphorrljflge/i, 79C, 797, 799. 

Macrogenitosomia practox, 251. 
Macula, pigmentation of, 136, 142. 

— , sparing of, 60, 01. 

Mam d’actoucheur, 879. 

Jlalana, nervous complicaUonB of, 
384. 

— , polyneuritis duo to, 700. 
MangaiiOHO poisoning, fil ] , 522, 524. 
Mario-Struinpoll enepplinlitig,‘''552 
Sfeaslca, 660; «ea algo LncepiialUts, 
acuto disbcinmated. 

— , nolyneuntia in. “06. 

Medulla, IcstoiM ol, 11, 2S3, 286 
Medulloblastoma of brniii, 218-10, 
259, 208. 

— of sninal cord, 023. 

SfeituciK reaction, 491. 

Mcissnor's corpuscles, 20. 
Melancholia, uivolutional, 898. 
Memory, disorders of, 892. 

M^ni&ro's syndrome, 187. 

Menmges, anatomy of, 344. 

— , basal tumour of,t204. 
Meningtoma. 221, 502. 

— , diagnosis of, 208. 

— , pathology of, 221. 

~, suprasellar. 259. 

Mcningism, 124, 347, 331, 735. 
Meningitis, acute aseptic, 340, 458. 
— . — licnign Ijmjihocjtic, 459. 

— , — pyogenic, 348 

— , , cerebro-spinal tluid in, 350. 

— , diagnosis of. 351. 

— , , pathology of, 348. 

— , , prognosis of, 353. 

— , . symptoms of, 348. 

— , , treatment of, 3.)3. 

— , aetiology of, 340. 

— after hooil injury, 320, 334, 340. 

— circum-ieriptafteroao, 021, 024,639. 

— duo to torula, 368. 

— , cpidcmio scrolls, 439, 

— jneiiingococcal, 340-7. 

— , — , aetiology of, 354. 

— , — , ccrebro-spinnl fluid in, 357, 

— , — , clinical types of, 360. 

— , — , diagnosis of, S.'il. 

— pathology of, 348. 

— , — , progiuwis of, 301. 

. — , prophylaxis of, 302, 


Meningitis, meningococcal, svinptoms 
of, 355. 

— , — , (reatinent of, 302. 

— , organisms eauBing, 347, 

— , pnoumococLal, 340-7. 

— .polyneuritis in, 706. 

— , posterior basic, 340, 301 
— . serous, 346. 

— . spinal, 347, 369. 

— , BynhilUie, 390. 392 
— , tuberculous, 340-7. 365 

— , — . aetiology of, 365 

— . , cerebro spinal fluid m, 307 

— , — , diagnosis of, 351 
— , — , patholo^ of, 36'i 
— , prognosis of. 307 
— , ■ — , syinptonis of, 360 
— . — , treatment of, 307 
Mcnmgocele, 653. 

MoDingococcus, 354 

— causing septicaeuiia, 361 
Meningomyelocele, 053 
SIcii'itruation and opiIeiMy. 8.'>4, 850, 

862. 

Mental defect, 301, 423, 547, 5'i3-4, 
555. 560, 829-1. 841 2 
Mental symptoms of cerebral arteno* 
sclcKNts, 297. 

— — of cerebro-matular drgoriora* 
tion, 557 

of chorea, 538. 

of ddtuao sclerosis, 503 

— — of disBominated sekrosis, 40‘> 
of epilepsy, 803. 

of epiloia, 501. 

of general jioralysw, 403. 

of hcod injury, 320. 331. 

— — of Huntington's chorea, 542 
of intracranial aneurysm. 292. 

— — of intracranial tumour. 233, 245, 
251. 

of ineningovasCuUr syphilis, 

392. 

of I’arkiiuionwn, 510 

— — of ]«llagra, 695-0. ' 

— — of aubacutooomb/nod degenera- 
tion, 701. 

ileralgia paraesthetica. 757 
3Iercury, jxilyueuritis duu to. 705. 
ytcHcal, 8U1-2. 

— aaldirtion, 670. 

Meynert, docuMation of, 8i. 
Microcephaly, 547. 

Mtcrographia, 513. 

Mictunltoii, «re llloddcr. 

3Iidl>rau>, loioiu of, 10. 

— , tumour of, 253. 

Migraine, 844. 

— , aetiology of, 844. 

— allorRy in, 845-0. 

— and epilepsy. 810. 
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Migraine, opLosia iii, 847. 

— , course of, 81U. 

— , Jiagnosia of, 84U. 

— , iluoiional ulcer ond, 845. 

— . fucioplcgic, 171, 848. 

— , beadatlio in, 847 
— . lienujilegui m, 847. 

— . Iieredily in, 847 
— , ophthoimo^Ugie, 848. 

— , paraest licsioe in. 847. 

— , palliology of, 84 1 
— . prognosis of, 849. 

— , retinal, 849. 

— , sjTOptojua of. 846 
— , tieatmcnt of, 830. 
Millard-Gubler's gjndrnmc, 10. 
Mirror writing, 102. 

MoUiiscuni fibrosum, .702-3. 
itononuclcosis, mfeitiaiis, iiienininlis 
m. 347. 

Mood, disorders of, 897. 

Morgagni's »i>ndrotno. 821, 842. 
Morplune addict ion. <iT0. 

3Ionan'a dueo.-.e, 048. 

5Io>erDeiiU, forrod. 181. 

MiuQps, meningitia in, 347, 401. 

— , nen'oiu coinnlications of. 401, 
47,7 

— , po)>-neuntis in, 707. 

JltucJe, (diaiT, 78. 

— , — , action of drugs on. RO. 

— , external rectus, itaralysiB of, I 
— . le>etor palpcbreL CS, a.'.. 
—.Muller's palpcbml, 87. 

— , oblique, inferior, 07. 

— , — . Buperiof, 07. 

— , physiology of, 777. 

— , rectua externua, 07, 08, 70. 

— , — inferior, C7 • 

— . — intemuM. 07, 63, 70. 

— , suponor, 67. 

— , stemoinaaCoid, paralysis oG 
202 . 

3Iusclca, atrophy of, 13, 203—4, 230. 
39(>-7. 419. 448. 464, 493. S7». 
.731-0. .-.91, .793, 019, 026. 632, 646. 
C52. 0.74, 661, 078, 713. 719, 728, 
730, 733. 742. 744. 747, 750. 752-3, 
758-9, 771, 784-0, 790. 

— . clcetneal reactions of. 14. 

— of Lands, atrophy of, 753-6. 

— , penpLetal nervo supi.ly of, 20-2. 
— . segmental reprOHentation of, 15, 
17-10. 

3Iutism, 01. 

Mjalgio, epidemic, 781. 

Myasthenia gravis, 7si3. 

— . — , aetiology of, 790. 

, diagnosis of. 799. 

. pathology of, 790. 

prognosis of, 800. 


Mjaalhcola grav la, symj.lonu of, 797. 
— — , tieatment of, 800. 
JlynbntfcUsis, acute focal. 470, 171. 
— . aeuio {leru aseular, 470, 475. 
Myelilia, 036. 

acute aNcentling, 427. 

— , — tiaiwvcrse. 487. 

— I dilluse, with optic neuritis, 480. 
— , tlisM-jninated, uilli optic ncuntis, 
140, 470, 480. 

— > ayphilltie, 396-7. 

Myelocele, 653. 
ilyeloilysplasia, 631, 

Myockmiis, 131, 883. 

— cpile|biy, 880. 

■ — . iaci^ 156. 

— 'in encepljoJitLC, 432, 434. 

— , |>ala(o-phnryngo.lar}ngo.(>culo. 

diaphragmatic. 883, 

— , v-anelies of. 884. 

MvufilirrR.it'is. 777. 

Myokymia. U. 

Myoneumi juneljon, 777, 790. 
3lyo{MitUy. 761. 

— . acute thyrotoxic, 607, 

— , chrooio thyrotoxic, 807. 

Slyosdw. 777-9. 

— , utbocioie, 756. 

Myotonia, 789. 791, 794. 

— oequMta. 789 

I —atrophica, >86. 

I — ouigwula, 793-5. 

— in hypothyriinlism. 8tl8, 

Myotome reaction of llrl>, 704. 

I Myxoodema. luyntoniu in. 808. 

— . iKilyneiintU in, 70.7. 

Nacviw, eiitancDus, 289. 

— , faeiid, 224. 269. 598. 863. 
Xarroler«iy. 392. 433. 827-30. 

— , causes of, 829. 

— . I rcatment of, 830. 

Kephntia. acuto, 313-15. 

—.chrome. 137. 299, 313-1.7. 

Ntne, antenor cniral, lesions 017753. 

. — , aiiihtary. anatomy of. 1 75. 

— , — . tumour of, 223. 261. 

— .chorda tympani, ICG, 108, I7I, 
19*. 

— , circumilcx. lesions of, 740? 

— .external cutaneous, lesions of, 
757. 

— , — pophteal, lesions of. 700. 

— , facial, anatomy of, 1G6. 

— , — .lemons of, 106-72. 

— , fifth (.remal. Ace Xen e, tngcininal. 
— , fourth cnuiiid, 147. 

— » — — , paralysis of, 147-30. 

— .glossopharyngeal, 192. 

— s hy^xigluiisal, 203. 

— . internal cutaneous. lesiuna of, 736. 



INDEX 


&4I 




iiit< rnal jH)j>liU-n!, ItvioiM of. 


i)iuii<iil,iiUr. 131. 

— • lnjr< tiun of, 101. 
nuiMfiiio'. l'»l. 
iiHtlwii, U-HKiiu of, 7ia-31. 

UlO'CllKttlVOllM, li«toii« uf, 


■:^c 9. 


Kcnf-, ihml 


, ixiiiuiiiolor, 

(ranial. 

.olfattorj-, 131. 

ojiliiJialiiiio, 151. 

, opUc, 51, J55. 
lotioiw of, 50. 

— • iuiiwjur of, hU. 143. 

“ . {uirs inteniK-<lui, 100, 194. 

— . jihrcnic, linioiw of, 730. 

- , posterior itilcrOKbCom, ooiintw «,r 
748. 

. — lliorafk', loioHi of, t4S. 

- , rvcunriit 197. 

— ■ “ kvjo/a of. SOO. 

, Mialic, compression of, 77i 
—•epiiJural injection of, 77 1. 
of. 759 

— , tiTAtinciit of, Imioii* of. 761 
•, trunk, i«/octio« of, 775 
.sixtlicruijial, 147. 

>■ , porul) »oi of. 1 47-30 
-■ i-JiiiuU, 27. 

— atxc'anorj, 201. 

•, — IcHiona of, 202. 
su/frwr Jd/j ni-faJ, 107, i’OJ. 
tliir^l cranial, 10. 143. 

, courw of, 143. 

— — , iHiraljsM of, 34, 140-50. 

', trigi miital, 130. 

— . i-cntral coniicxiuii* of, 33, 153. 
— , — loriuiis of, I.54, 280. 

— . injoctioii uf, 101. 

— , motor root of, 153. 

— , (K-npIicral Icsioiw of, l54. 

, ulnar, Icmooji of, 751-3. 

— , prefluuro nounlis of, 753. 

— . ‘rliiipuig*, 7ri3. 
eagua, 19.1, 810. 

— , central connoxioiw of, 193. 

— , — ■ nyeltur lentoiiff of, 1 99. 

— , — , periplicral distribution of, 190. 
— , — , peripheral lesions of, 200, 

Ken os, jienplieral, degeneration of, in 
pcllaj^a, 093. 

, — , — of, in subacute combined 

degeneration, 098. 702-3. 

— , — , dnjsion, non-oj)crati\e treat- 
ment of, 7.16. 

_ — , — , ojjcratno treatment of, 
737. 

— , — , lesions of, 733. 


XenoH, ixnplicrnl, muscular supply 
uf, 20 2. 

— . — . sensory dir.tril}utK.n of, 2S-9 
, — , symploim of tonlpli to dni- 
BM>n of, 733-5 

- of ^'<-ovcr> of, 733. 

— . , tuinourn of. 73d 

— , splanelinir, SDJ) 10 
Neuralgia, 703 
-.ghK-oplinryngral. 193 

— , migrainous, MS 

-, N|>fi«.i]u]>a|a(uie. 161 
.trigeminal, |73, 494, 392, 

5‘JS, 83 > 

— , -.a/tivhgy am! patiioiog} of, 

155. 

— , — . iliagnosw of. 1 *>7 
. -,s}iiiptorns of. 1)0 
. -, surgienl ircalimiil of. 104 
. lifutnieni of. b» injection. 
1.39 64. 

.VeuroAtlKAia, ^}JI^ 2 
Ncunlc*. anterior enirul. TO'j 70 
• . bmciual, 711. 707 S 
-.niteraoflal. 76S. 

— . innrstiliAl. 7C3 

. — . aeUoJot'y' of. "W 
— , — , iMilhology of, 703. 

- . inuKiple, 7W. 

. , *) mmet rical jicnpln-rul, 7(14 

— of faro und ncatp, 7<U 0 
—.optic. 139. 142, 711, 731 
— , l)arcftch>Tnatoiis, 704. 
—.retrobulbar. 139, 142, 494, 199, 

503 

— , — . aeine btlaferal. J»7, 401, 503 
— . — . taiiHCs of, 140. 

— . — , ayniptonui of, 140 
— , sciatic, 770. 

— , — , aetiology of, 703, 770. 

— , — diagnoeia of, 772 

— , — ^.uxigm iujeclion for, 773 
, (lathology of, 763. 

— , — , prognosis, 773. 

— , — ,a}iiipU)inii of, 771. 

— , — , treatment of, 774. 

— .spinal, 711, TOC. 

Kenrobiaslonia, 218, 221. 
XcurofibroblostomaUisis, 5(>2 
iKourolibroiua, 502-3. 

— of spinal cord, 023. 
2fciuolibroinatous, J50, 223, 239, 

201. 562-7. 

Neuroma, aicoustic, 223, 261. 

— , plexifonn, 604. 

NeuromyclitLs optica, 470, 486. 
Neurooo, first sensory, 26. ' 

— > loirer motor, 12. 

—.upper motor, 1. 

Neurosis, anxiety, 918-19. 

— , otiaoBBivo compulsite, 922. 
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PamlysU agitans, 508, 51C. 

— , congenital spastic, 543. 

— , Krb’fl ajphiiitic spinal, 308 
— , family iienodic, 802. 

— , , aetiology of, 802. 

— , , diagnosis of, 804 

— , , pathology of, 803 

— , prognosis of, 804 

— . , syrnptoina of, 803 

— , , treatment of, 804. 

— . general, 143, 38(4-8. 401. 

— , — , aetiology of, 401 

— , — , cerebro-spina] fluid in, 405 
— , — , congenilal, 424-5. 

— , — , diagnosis of, 408 
— , — , malarial treatment of, 407. 

— . niental symptoms of, 403. 

— , — , pathology of, 403. 

— . — , phjsical RJ^nptoma of, 404. 

— , — , prognosis of, 408. 

— , — , pjrexial treatment of, 409. 
— . — i treatment of, 407 
— , hjfctcncal, t)03, 017 
— , taJiinti/o, see Pofiamjehcis. 

— , thyrotoxic penodio, 807. 
Parainjoclonua imiltiplox, 888 
Paraphasia, 08. 

Painplcgia, 803. 

— , care of, 610. 

— . cerebral, 297 
— , hereditary spastic, 507. 

— , , pathology of, 389. 

— , , prognosis of, 570. 

— , — — , symptoms of, 369. 

— in flexion, 804 

— In extension, 605. 

— , senile, 659, 

Parasyinpatljetic, ftinctions of, 811 

— peripheral nerves, 810. 
Parathyroid deficiency and tetany, 

878, 881. 

Paratyphoid poljueuntis, "05. 
Parkinsonian sj'ndrome, oil. 

, aetiology of, 311. 

, arteriosclerotic, 618. 

, diagnosis of, 519. 

— cause of, 52 1 

Jue to carbon monoxide, 

6S3. 

, encephalitic, 432-3, ,508-9, 

517. 

, mental state in, 897. 

, pathology of, 511. 

, symptoms of, 512. 

, syphilitic, 39J. 

— , traumatic, 339. 

, treatment of, 522. 

Parkinsonism, eee Paikinsonian syn- 
drome. 

Parkinson’s disease, 610. 

Parotitis with polyneuritis. 721. 


Farotitu - polyneuritis • iridocyclitis, 
703. 

Pairy-Itoniberg’s syndrome, 696. 
Fasa-pointing, 181. 

Passive movement, sensation of, 25 

— — , — lo«s of, 32, 34, 30 

, — .paths for, 31, 33-4. 

Pelizaeus-Merzbacher's disease, 470 
Pellagra, 694. 

— , aetiology of, 894 
— ■ alcoholic, 683, 895. 

— , diagnosis of, 698 
— , endemic, 094, 

— , pathology of, 695. 

— .polyneuritis m, 695. 70.> 

— , prognosis of, 696 
— , secondary . 695 
— , eymptonis of, 69.> 

— , treatment of, C96 
Perception, disorders of, 801 
Penartentu iiodosa, 295, i'l6. 706. 
732. 

Perimetry by Bjemim's semen, 63 
— , coiifrcintaiion, 52 
— . mocluuucal, 63 
Periowtitw of orbit, 1.50. 

Perivascular space, lOS. 
PcrveveraUon. tome, 243 
Personality, multiple, 007 
Pos cavus, S71 
Pent mal. 297, 337, SCO 
Phakoma of retina, 639, 601, 504 
Pliantom limb, 23 
Pharynx, paralysis of, 197 
Piienoborliital. idiosyncrasy to, 870 

— for epilepsy, 800. 

— poisoning, 303. 

Phobias, 913. 

Phosphorus, polyneuritis duo to, 703 
Physostignune, 79C, 812 
Pia mater, anatomy of, 344 
Pick's disease, 901-2. 

Pilucarpino, 812. 

Pineal body, tumoura of, 220, 254 
Puiealomo, 228. 

Pink disease, 703, 721-3 
Pituitauy, adenocarcinoma of, 226 

— suid diabetes insipidus, SI8 

— .baaopbil adenoma of, 220, 2.14, 
257. 

— , chcomophd adenoma of, 226, 
254-«. 

— , diroRiophobe adenoma of, 226, 
SS4-6. 

— deficiency and siibacuto combined 
degeneration, 609. 

— , tumoura of, 226, 254-8. 

— — , visual fields m, 56. 

Piluitnn for diabetes insipidus, 82.3, 
840. 

Fleufodynia, 776. 
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Flexu^ LiracLial, anatomy of, 740. 

— . Ifssmns of. 741-5. 

— , poit lixod, 743. 

— , prefiicd, 743. 

— , tijOTOJll, lOS. 

— , liunbo Kocral, 7.17. 

Plexii..«!i. 10. 

Plumbism, 676. 

Piieumoceplialu^, traiuimtlc, 332. 

— . — , aetiology of. 332. 

— . — , tliftgiicnaa of, 334. 

— , — . jiailiology of, 332. 

— . — . prognoaia of, 334. 

— . — . Byropioma of, 333. 

— . — . troat^ncnt of, 334. 
P<iliu.cn<cphalttM IiiiemoiT)uigi(.a 
supcTtor, 74. 

Poliomj alil 13, 427, 443. 

— . aetiology of. 444. 

— , (OTobTO Rpinal fiiud in, 447. 

— , cliamo«i3 of. 448. 

— , epiJemioIog>' of. 445. 

— . lilholfigy of. 444. 

— . prognosis of, 440. 

— . proplijlftXia of. 472. 

— . 3jmpleiin» of. 440. 

— . trcatmrat of, 430. 

PolidaeOly, 620-1. 

Polyneuntis. 704. 

— , aetiology of. 703. 

— . Uincnosia of, "07 
— , pathology of. 700. 

— I tmtisent of. 707. 

— , aciiio infect lie. 703. 716. 

— . , *euolog> of, 718. 

— , — — , diagnosis of. 720. 

— , , pathology of, 718. 

— , , prognosis of. 720, 

— . ■— — , symptoms of, 713. 

— , — — , trcatiwnt of, 720. 

— .alcoholic. 711-15. 

— . arsenical. 705, 70.S. 

— . — 1 aetiology of, 708. 

— . — . ihagnoeis of. 709. 

— , — . pathology of, 700, 

— , — , prognosis of, 710. 

— . — , sj-Biptoma of, 709. 

— , — , treatment of. 710. 

— , cliroruo progfea^ii e, 706, 73ft. 

— craniaba, 731, 

— , (liabetJc, 715-17. 

— , 'liphtlicnal, 723-6. 

— due to pcriaiteiitis coilostt. 732. 

— due to tnorthoercsylphospluite, 

— duo to Mtonijn B, deficiency, “11. 

— . aetiology of, 711. 

. pathology of, 713. 

, progiwssis of, 71*. 

— . treatment of, 715. 

— ,febnle, 705, 718. ' 


Folyneuritia, haemntopocpionnuric, 


727-30 
— -.puCTwral. 703. 

— , rhdwiatje, 703, 718, 

— , roiiirrciil, 705, 730. 

jSypliiLtic, 3S8. 

— , toxic, 703. 718. 

—with parotitis QniliriilocjtliUa, 721. 
Polyroiliculonruritis. 718. 

Polyuwa, 2.33. 238, 264, 433. 

Pons, loHjotis of. It), 263. 
Pon-iiecphnly, .340. 5 31. • 
Purphynnuna, C0.3. 
FoatcnurlungiUiilinsi bundle, 70. 
Posluni after cerebellar liiiuons, 43. 
— , lieiiiijilcgic. 6. 

— , srttsalion of, 23. 

— . — , l(«s of, 32. 34. 36. S30. 

— . — , iialhs for, 31, 33, 31. 


— iQ luyiuthonio gntvU, 707, 801. 
P.P. factor m viiamm 11,. 695. 
Pregnancy and epilepsy, 634> 830, 

— nnii tetany, 870. 

— , cerebral thromboals in, 308. 

— , polyiiountls la, 703, 711. 

— .actalto coiupro^uon >n, 772. 
presbyophrenia, HOI. 
pTMsure touch. 24, 33. 
lamina) for epilepsy, 670. 
Pr<».tignun.777.706,7i)0, 800. 807.812. 
PMeodo-bypertrophy, muscular, 783- 
4. 790. 

Pseudo porencepimly, 532 
Pscu<lo.ftclcro-<is, 523. 

— .spoatiu, 589. 

Paittacosls causing nicningitis. 347. 
Psychotherapy, 016, 920. 

Pioaui, «cs £y clids, ptosis of. 

Pupils, accommodat1ou.con\cyrgcnc-o 
reflex of. 81, 253-4, 431, 434. 

— , action of drugs on. 80. 

— .Argyll BoherWon, 79, 81-2, 391, 
405. 412. 410. 431. 434, 729. 
—.constrictor paralysis of, 78. 

— , dilator paralyau of, 79. 

— s weqiiahty of, 70. 

— . uinervatinn of, 78. 

— , light reflex of, 80, 253—4, 431, 
434. 


— r^Vemiche's hcmianopic reaction 
of. 62. 

Purkinjo cells, 46. 

Purpura in mcnuigitis, 357. 
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> q ura.tiirombotyioptmc, 299,333. 
linen, 500, 524, 541. 546. 
ifolepoy, i>Q2, 870 

i TIC fetenobia, polyneuritis <]ue to. 


Jcia. hysterical, 915. 
t central ongin, 258, 2C4, 302 
iiMC acid, 712. 


Iratilanopia, 63. 

kenhtedt'a test, 118, 264, 370, 
ine m myotonia, 777, 789, 792, 


■S 427. 454, tiCO. 
onimalH, 455. 

iitment, coinplicationa of, 457, 

iition, auditory, 4 
opHe. 4, 10. 53. 00. 
iiliculitU, spinal, 76Q 
, syphilitic, 396, 398 
'■•atliograpliy after head uijury, 327 
m intracranial tumour, 233-8. 
of glioma of optic chiasma, 259 

- of head injury , 337. 

- of hypophyseal epidermoid, 259. 

- of intracranial tumour, 23.V8. 

- of pituitary tumour, 258. 

- of suprasollar meningioma, 250, me 

Angicgropliv, cerebrol, Ente- 
phalographyand Ventriculography. 
Rage, hhaii), 818 
UatlikaU pouch, tumour of, 225 
Raynaud's disease, 854. 

Rebound phenomenon, 49. 

Hcctum m paraplegia. Gll. 

innervation of, 600 
— .physiology of, 009 
Beliez. anal. 42 

— accomodation - con\ergcnce, of 
pupil, 81. 

— Babuwki, 41. 

— , Bochtcrow-Moiidel, 45 
— , bulbo-cayemous, 42 
— , eilio-Bpmal, 79 
— , cremasteric, 9, 40. 

— ., flexion, of lower Lrab, 41, 604 
— , genera) considerations, 37. 

— , grasp, of foot, 44, 245. 

— , — , of hand, 43, 245, 233 
— , gluteal, 41. 

— , Hoflmann’s, 45. 

— , hght, of pupii, SO. 

— . mass, C05, 

— , Slayer's, 44 
— , palatal, 38. 

— , pliaryngeal, 38. 

— , piiomotor, 812, 814. 

plantar, extensor, 9, 41, 210, 2J4, 


291, 302. 320. 350. 356, 366, 378, 
397, 405, 432. 472, 479, 490, 548. 
5C9, 571, 573, 575, 585, 610, 627. 
831, 840, 657, 096, 700, 827, 828. 
831, 859 

Reflex, plantar, flexor, 41. 
—.pupillary, 80 
— , quadrupeilal extensor, 43. 

— , radial, S3. 

— , — , inversion of, 632 
— , Rossoluno's, 45 
— , sucking. 38, 902. 

Reflexes, abdommal, 9, 40. 

— after terabeJlar lesion.*, 51 

— — pyrninulal lesiona, 9 
— , excretory, G05 

— , nociceptive of upper liiob, 41 
— , postural, 42 
— , sexual, 805. 

— , tcmlon, 9. 13, 39. 

— , — , absence of, 13, 39. 83 4, 219. 
•291. 302, 350, 356, 366. 369. 378. 
405, 415, 448, 472, 479, 571, 573, 
585. 691. 694-5. 619. 627, 631-3. 
646. 654. 657, 601, 675. 696. 700, 
7H. 716. 719, 725. 760-1, 769, 
771. 785. 791, 803, 807, 827-8, 
831. 859 

— , — , absent, and tome pupils, 83 
exaggerated, 0, 13, 39, 210, 
302. 366. 378. 405, 472, 495. .748. 
569, 571. 585. C03, 610. 027, 631-2, 
646, 896, 700. 

— , tonio labyrintlime, 43 
— — nock, 43. 

Respiration, artiflcial, 450 
— , disorders of, 263-4, 824. 

— , disturbances of, in encephalitis, 
435. 

— , hystencel disorders of, 914 

— m liemiplcgia, 8. 
paralysis of, 450. 

Retention of urine, 397, 416, 607, 
Oil. 627. 914 

Rctuia, pigmentation of, 557, 571, 
821. 

Retinitis, 130. 

pigmentosa, 142. 

RetrocoUis, 529. 

RhinorrliOGa, cerebro-spuial, 210, 334 
Rib, cervical, 743. 

— , — , aetiology of, 743. 

— , — , diagnosis of, 745. 

— , symptoms of, 744. 

— , treatment of, 745. 

Rickets and epilepsy, 854. 

-— — tetany, 879. 

Ri^ility, cervical, 349. 

■ — t cogwheel, 514. 

— , diagnosis of, 520. 

— -.hjstencal, 520, 911, 917- 
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Rigiilit>, ParlujioOfiuui, 5i3. 

Binao's test, 170. 

Rauberg's sign. 413, 

Root, uitenor, 1&-IR, 27. 

— , — posterior, 15, £C-3. 

Saccule, 178 

Sacral lumhanzatioo, 771. 

Saliiatioo, exccsaiie. 512, 3IS. 

Salt atsafiized aerunt, intrathecal, 
421. 

.SarcoiiJonW, 721 
SaieoDiA, 227. 

Scarlet feter, nertoiM eorapticationa 
of. 3au. 1 

-, pcjl>7ieiintu in. 705. 

Sclnlticr'a iliiease, 470, 502. i 

Schtzoplircnta. liallucuialion* m, K02. I 

Sclimalt, sjudrome of, 200. I 

SchoU'a tiuoa.«e, 470. I 

Sehullcr-CVinstian ilL'Caec, 83a. 

Schwabach’s lest, 170 

iseialita, 770 i 

ScleroOeniiia, 780 

Scferoaia, iiaj otnrplue lateral. 577. 

— , , Mtwlogy of, 580. 

— , — — , <Juieno»w of. osO 
— , — • — , patholojsy of, 378. 

— , , prognotis of, oSft. 

— , , a>napio(na of, 581. 

— . , treatnvent of, 38S. 

— . acrepiiic loleu-. .743, 

— , cOflttiplolMir, 470 
— , (linuiw. 00, UO. 470. 501. 

— , jMAetotnatccl, 140, 470, 4$9. 

— ,ac 0t«. 470-1. 

— , — , aeiiology of, 400. 

— , — , ccttbri»H=pinal fliu<t in. 406. 

— , — , ibapicwi* of. 497. 

— , uihentance of, 491. 

— , — , inoile of onset of. 492. 

— . — . pathology of, 489. 

— , — , pnjcipllating factorsof. 491. ' 
— , — , prognOJiU of, 490. 

— , — , sj-iBplom groups in, 497. 

— , — , 8j-v>pUinia of, 492. 

— . — , Irauma and. 491. 

— . — . treatment ot 499. 

— .multiple, 470, 4S9. 

— , poatcro-iiieral, 6')7. 

— , primarj' lateral, 396. 

— , tuberous, 5.>3. 

Scotoma, 56, 61, 141, 144. 

Scurry. 335. 

Sca-sickncsa, 189 
Seborriiooa, facial, 512. 3)3 
Sella turcica, brnlgetl, 84.7. 

— ■ — , radiography of, 338-9. 

Senile plaques, 902. 

Se n .a lien, coilu-al Teprceentalion rtf', 
36. 


Sensation, lutaneoua heeruicniationof. 
20. 28-9. 


— , epicntic, 73.7. 

pfttUa of, in broin kteoi, 33 
— in nanal cord. 29-30. 

— , prolopatliic, 3.7, 735, 

— > propnoceptivo. 26, 32. 

— , teiiaoC 24. 

Sensations, p|iontanooas, 23. 
Septicaeoiia, polyneuntia in, 703. 
Scrotlierari}, poljueuntu due to. 
707. 711. 

Sexual atropliv, 2.73. 255-6, 258. 

435. 

— functioiui. 2.73-4, 821. 

— uifantilitm, 821. 

— prorocity, 254, 822. 

B(ia]>e. apprccialiDD of, 36. 

Shingles, 402. 

Sinus, carotid, 872, 

— . catenious. 317. 

— , — , aneurysm of, 80. 

— , — . thtumboaM of, 86, 319. 

— , mfiTior lougituflmal, 310. 

— , — 317 . 

— , lateral, 317. 

— . — , t liToin boiid of, 320. 

— nasob eotcinoma of. 80, 150. 

, iDucwele of, 86. 

— , — . empj rma of, 80. 

— .{‘Uttight, 310. 

— .superior Jonnludmal, 316. 

, thrombuais of, 207, 310. 

— . — Iiette-iaj, 317. 

Sinu'sM, intracnuua) teoous. 310. 
Sinusitia. naKol. 13S. 340. 

Sue. appreriatiou of, 36. 

Skin k^iuiu u> pellagra. 095. 

— » pigmcAtaiion of, .762-3. 505, 040, 
709. S03. 

Sleep, bodily changes in, 827. 

— duduihancoa in encephahtu. 431. 
433. 

— .elcctro-eritephatogTBia m, S27. 

— .hallucmalioiu in. 829, 891. 

— hallucinoau, S29, 891. 

— .musculo-spiAal rmraliiia after, 
748. 

— .nature Slo, 

— paraii da, 828. 

— . pathological. 827. 

Sl»p<vakiQg centre. S26. 

Skepy sickness, 428. 

Smalt pox, we rucepliaLiis, acute 
(ibacounalccl. 

, polyneunti* iu. 705. 

S^llylossof. 134. 2SI. 

.HUMrof, 134. 

Rnelieft's t)l)es, 135. 

So4iun> (lyThenyi-hydonUunale for 
epilep-y. H70. 
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buninambulisin, 829, 

Soinnolonce. «fe Iivi)i>raumnia 
Spawn, caT>o-p()dal, 878. 

SpavnM, muscular, m paraplegia, 

Spaiticuy, «ee llyiicrtonia, muMuIor 
Sixsetli. coDgomtal disorders of, lOa 
— , nature of, 87. 

~, physiological and anatomical eon 
sideratioDH, 88 
— , scanning, ■iOi. 

— , syllabic, 494. 

Sphincter disturbances, see BJadilor 
and Ilectuin 

Spina bifida, 207-8, 213, 633, 644, 
652. 

, ton joaJ, 0.i4. 

occulta, C5J. 

Spinal cord, abaeoss of, 657 

— — — , epidural, 024. 

, Qiiaturny of, 601 

, birth mjuws of, 614. 

, blood supply of, 692. 

— — , coinpraoaion of, 621. 

— , aetiology of. Oil. 

, torobro simial fluid in, 

628 

— , diagnosis of, 634. 

— — , pathology of. 021. 

— , prognosis of. «J37. 

— , radiograpliy m, 629. 

— — — , sympioms of. 024. 

, at dillcrcnt levoU, 631 

— — , poneiission of. 014. 

, contusion of, 014. 

— — degcncrntion m cigotism, 694 
— in ixillngra, 695. 

— — , oxtraduraltuniourof. 622, 636. 

— — , extrainodiillaiy tumour of, 
021-2, 630, 638, O 40 . 

, injuries of, OI 3 

, — , symptoms of, 015. 

, — , treatment of, 616. 

— — , iiiti omcihdlary tumour of, 
621-2, 638, 640. 

— loceration of, 6 I 4 , 

, ineningo* of, OOl, 

, sensory paths m, 29, 30. 

, suhatuto Lombmod ilegenera- 

tion, see Degeneration, subacute 
conibinoil 

Spindles, muscle and tendon, 26. 
Spmo, hysterical, 910. 

Spirochactosis ictero-haemorrliagica, 
121, 347. 

Spongioblastoma of Wain, 216-19, 
263, 

of spmal cotxl, 023 
Sprue, subacute conibine<{ degenera- 
tion in, 699. 


BqumI, 04 

Status cpilepticus, 8U2, 870. 
Stoatorrlioea and tetany, 873 
— , polyneuritis in, 712. 

Stokes Adams syndrome, 854, 874 
Stomarh and hypothalaraiis, 818 
— , caiunoma of, pellagra m, 695 
— ejctmct for subacute combintsl do 
gLiioiAtion, 703 

Striunpell Leichtenstcrn encephalitis 

Stufgo Weber's syndrome, 224 
Stuttering, 92-4 
Subarachnoid sjiace, 108. 
Suboccipital puncture, 112 

, mdicaUons and contra mdica' 

tK>n.yfor,'J12 

, inothcMl of, 112. 

Substantia nigrn, 4, 5, 507, ,>11, 


bulpluinilaniide, 322. 331, 3'>3, 363 
— , polyneuritis due to, “05 
Suiphonal addiction, 974 

— (Misoning, 305. 717. 

— .polyneuritis duo to, 707 
Supinator jerk, 39 
Swayback, .'03, 503 
Su'CAting, 264, 813-14 

— in paraplegia. 612. 

Sirift-h^llis treatment, 421 
SylMus, aqueduct of, 108 
Syropatbetic chain, 810. 

— , functions of, 811, 

—.ocular. 11, 78, 412. 416 

— , — , paialynis of, 79, 86 , 203 

— peripheral nerves, 809. 

, lesions of, 813 

Syncope, 872. 

— , carotid sinuii, 872. 

— , diagnosis of, 875. 

— , symptoms of, 874. 

— , treatment of, 875. 

Syplulopliobia, 923 

Syphilis, cerebral ineningovo»cuJar, 


— , — — , ce^ob^o•^plnal fluid ir 
393. 


— , , diagnosis of, 394. 

— . , pathology of, 389. 

— , , progitoais of, 395. 

— , , symptoms of, 391 

— , — — , treatment of, 399 
—.meningovascular, treatment of. 


— , neuro relapvo 111 , 388. 

— of nervous system, 3S6. 

— , oetiology of, 386. 

, congenital, 423. 

— , poly^leurltis in, 705 
—.secondary, of nervous system, 

388. 
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Sjpliilij, »piQs3 iiKoin^'ovtMUiar, 
cerebro-spm&l fluid io, 3'JS. 

— , , Uisgnoais of, 39S. 

— . , paUioIogy of, 3W. 

— , , prognosis of, 3U'J- 

— , , nyinptouu of, 39fl. 

SiTingobuJbift, 647. 

SynngoniyeUa, S63, 6tH, 643. 6t2. 

— .abnormalities aaaociAted irlUi, 
649 

— . aetiolog) of, 643. 

— . di^noi'is of, 643. 

— . patUology of, 642, 

— , prognosis of, 630 
— , symptoms of, 644, 

— . treatment of, 630. 

— , trophic sj'inptonis of, 646. 
S}rmgoai>KlureK, 653. 

TaU-s donahs, 143, 3SG-6.-103, 405, 
410 

— — , aeliologj' of, 410. 

— — , cerebro^iaal flunl ui, 419. 

_ eongentiiu, 424. 

— — , diagaik^u <if, 420. 

>- — . pathology of. 410. 

— prognokia of, 421. 

— — ,»}vpto{n9 of, 413. 

— — , tteaUscni of, 42i. 

Taho pamais, 403. 

T&rhe cexebmle, 350, 3.>tS, 3b6. 
TacUycanlia. paros>>mal, 6~4. 

T»>4c lifanm, 194. 

— , Io~» of, 166, i:i, 173. 231. . 

— , senno of, 194. 

Ta>*>flcu.iis' (liaoow, 356. 

Teething and epilefw)*, 654. 
TeicLopsta, 84% 840. 

TeUnsietUMa, lerebraL 224. 
TeIangioet*.-ia, henxlitaiy, 224. 
Tvnipcratutv rx^iUtiou. 818. 824. 

— , sensation of, 24 : we altv Heat and 
CoiiJ. 

Tentorium, 344. 

Tosttis, atrophy of, 799, 792. 
Tetanus, 693 
— .actiolopj'of, 685 
— . a,a.-cniliog form of, 6a7. 

— , (fpluUic. hST. 

— , <ie4rem.ling fuim of, 6 h7. 

dutirnonis of. 6S8. 

— , tnoditvml. 699. 

— , QountU in. TOG. 

— , pailtulogy of. C*»6. 

— > prognosis of. 689. 
projOiylaxis of, 6H9. 
spUnthmc, 68S, 

, ii>'niplt>ms of. OiO. 

treatment of, 690. 



Tetany, dinguuius of, 882. 

—due W hjpemooa, 879, 831. 

— , — — parathyroid liohetency, 878. 
V 881. 

— , epalemie, 879. 

—.epilepsy m. 834, 841. 

— .gaatne, 881. 

— rtnfanliie, 881. 

— , prognosis of, 982. 

— t sj-mptoms of. 879. 

— , traatmoit of, 882. 

— , sisual defects in, 881. 
Tetnchloret hone, pot^ ncuotts due to, 
705. 

Thalamus, optic, 3, 34, 48, 55, 167, 
5U9. 

TlienuO'anaesthcsia, tee Coltl unci 
Heat. 

Thontsen's disease, 793. 
Tluombo.sngeitts obliterans, 296, 
309. 

‘lliroiotiophlebitU migrans, 318. 
Tltrowbo^ cetebial artcnal, 309. 

— , , aetiology of, 309. 

— , V diagsiosis of. 303. 

— , — — , pathology of, 369. 

— symptoms 309. 

— . — , treatment of, 303. 

— .mlnrtmnuU smua, 318. 

— , . aetiology of, 318. 

— , — — diagnosis of. 321. 

— . paihologj' of, 318. 

— .——.prognosis of, 321. 

— — ,*>-ropio«taof, 310. 

— . treatmi-ftt of, 321. 
Tbujonc. e]iLlc{ny due to, 834. 
Tlijiaus, ei.lai^nietit of, 799. 

tumour o£, 796. 

TliyTOid. orieuonta of, 792. 

—aliseosc. muscular ■Jisordcra In, 805. 
— Mtract oildiclion, 070. 

ThyroiiUo, 899. 

Tic. 434. 923. 

— .cliaracterislies of. 130. 

— -douVjureux. tee Ni-uralgu, trig©- 

l^ck causing osceiuluig (larsly nis, 660. 
TtcUmg. 34. 

‘nitcTs wgn. 735. 

Ttnnituitf 177, 262. 

Todd's parul^Ms, 248. 

Tone. muscle, IStond welUiicrlomA, 
muM'ular and il^potonii*, musiMi* 
lar. 

Tongue, iiaiTd} sis of, 7< 1 1 , 203-5. 
Torsion dystonia, 309, 527. 
TtHaicoUui. sjiasnKXlic. 435. 529. 
ToruU aicningilii. 347. 

Toiirb, dtscmninalion nf, 24. 

— . . loss of. 32, 34. 30. 

— , , paths for. 31, 33-4. 
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Touch, fi*'l oryttun for, I'ft. 

— , lo<alii«t»ou Ilf, Jl. 

. Ju»s of. 31, 3(1. 

. I«»i|i8 for, 31. 

— , hCIOMltlOU of, 24 

— . , !(>«. of. 32, 31, 3e 

— . . JKUIH for. 31. 33. 

Tounii(|UCt parttljsi*, 730 
'J'owir sJtulJ, ii30. 

Tract. coaiiiiA. 30 
— , rortico-tliahuim’, 4 
froiUo-iK)iiiiiio, 4-3. 

— , uitnnial tcrcualr, 33. 

— . olfiKlorj'. f3*- 

— . optic, 53. 

— . — , Ictiiuna of. 33. 

— , po»lcnor i.iriKKuilinul. "0, »2. 

, ji> mmulttl. 1-0 
— , — , tlfciKMition of, .3. 10. 

— , — , lotnlizuiiou v>f Icxiutiaof, 9 
— , — , unilateral Icsiuii* of, 0. 

— , quuilU'thnLimic, 33. 

— . rubrutpuiAl. 12. 47. 

— . »pmal. of trijji'tiiiiiAl rtor^o. 33. 

-Stf. 

rniiMKcfTbellar, dorsal. 30-2. 
47. 

. NcnifAl. 30-2. 47. 

— , K|iMi<ithala>iiu'. II, 3^1. 33-5. 

— , totntxiro {luiitmo, 4-.*i. 

— , (hnukntu<orticul, 4, lO. 

— , %c»tilmla.»pinnl. 179. 
Tnulototny, 104. 

Tractiu i^lilAnim, 191. 

TnuuH!. h>RUruat, Oil 
Trcnior. 49, 130, 4U.*i, 434.510. 

— , <li4gnoKii<,f. .719 
— , fiimilial, ,'tlU. 

— , hyatoriCHl, 519. 911. 

— Ill l.>i>crth>tujiiiMij. 519. 

— , inU-litloil, 493. 

— , I’arkiiuioniAn. 514, 510. 

— , »omlo, 519. 

toxic, 519 
Tricopn jetk. 3't 
Triomil jKiKpomiig, 717. 

TriortlKH.ri>,tj Ipho-pliate, polyiieunlu 
duo to. 705. 710. 
Trophoilcrtnatoneurosw, 721. 
Trou.H»cuu‘a niitn, S90. 

Tulier cincrfiun, S17. 

— — . functiona of, 018. 

, nutlet of, 817-18. 

TuIxti lo of retina, 137. 

Tuberculoma, intnicranial, 227, 209. 
Tumour, lijiiopfiyneid epidermoid, 

258. 

— , intracranial, 210. 

— , — , aetiology of, 210. 

, — , dnigno’.i* of, 264-7. 

, — — nature of, 207. 


Tiitnuiir. intracnmial, falte locahruig 
»igus ui, 234 

• — , — , frequoiiey of. 217. 

— , general e.t inptoini of. 230. 

— , — , lioadacho in. 230. 

— . inenta] sjmpio/iM in, 233. 

— , — . inctAi.Uitic. 227. 269 
— , — , mixle of oa-ct of, 230. 

— . palltoJogjcflJ piijsiology of. 


, jwitliology of, 217. 

, prugiKww of. 270 

- , -, tri'iitnitnt of, 271 

— ofterflxdliim. 2.>9 

— of eoqm» calloiuni, 251. 

— of frontal lobe, 244 

— of fourth tunlnclo, 263 

— of nuHiulla, 263 

— of nndhraiii. 253. 

— of pnrutal lube. 240 

— of piiual, 254 

— of poiu. 203. 

— of le/iipt/ral lobe. 248 

— . iiiiiiial, >rr Spinal eur<i 
Turtireplialj, 836 
Tjphoid fever, nervoiw 

of. 347. 382. 056 

, (>ol> neuritis in, 703 

Typhus fever, nervous eociiphcation 
of. 382 

' • . i>ol>neuritiH in, 700 


L'her. (icrforaimg, 417. 422, 592. 017, 
652. 634, 700. 

riccnitKUi nf diiudiiium, SJ4 

— of oeMipliugiiit, 824 

— of alouuoh. 824 
t’iieoiuiciou>.iieM<, <re (Xina 
UiKinnlo rpilc[>i«>. *t« Upilepsy, 

cuuito. 

Uiivcmchi'M Bjiidronie, hVO. 
UnK'iina, 124. 305 
Utnelo, 178. 


Vaccination, «re Cnccpholu-injelitis, 
post-vat cinal. 

V’nffinisinux, 914 
Variixlla and zoaler, 463. 

Vasovagal attacks, 876. 

Vein*, terobral, 317. 

— ^.diploic, 317. 

Ventricle, (Lverticulum of, 338. 

— , fouiVh, tumour of, 263. 

— puncture. 111. 

, indications for. 111. 

. — • — , method of. 111 . 

— , third, tumour of, 252. 

Ventricular OBtiinution, 238. 
Ventnculograpliy, 238-41. 

Vertaa of ccrobellum, 46-47. 

— — — , lesions of, 50-51. 
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Vcrnet, siinlnjtue of, 200- 
V'ertebrae, cbanilroma of, 621-2. 

— , mjeloma of, 621-22, 631. 

— , Ooteitis deforinaiu of, 621, 037. 

— , relation to apmal segnsent of, 033. 
— . sarcoma of, 621-2. 

— . secondary raKinoroa o(^ 621—^ 
637-6, 6*0. 

— , syplulitic osteitis of, 621. 

— , tuberculous ostejtu of, 621, 637-9. 
Vertigo, Co, ISO, 13*-9. 

— as efuleptic aura, 833. 

— , causes of, 183. 

— , otolithic, 18S. 

— , payehogemc, 185. 

— , recturent aural. 187. 

Vibration, sctuation of, 25. 

— , loss of. 32. 

— , pallis for, 31. 

Viruses, neurotropic, *27. 

Visual cortex, 01. 

— diaoneotatioo, 54. 

— iibros. course of, 54. 

— fields, 52. 

, defects of, 33 ; eiut ere Heaua* 

nopia. 

, erroeeous projeclioa of. 63. 

— inacteation, 34. 

Vitanun A deticieoey to ergotism, 
C94 


Vitamui B,. 712. 

— — , delicmncy of, 74. 140, CUD, 705. 

— , poljTieuntis due to, 711. 

— Bt deficiency, 694, 609. 

— D and tetany. 870. 

Vocal cords, see Laiy-iir. parulyius of. 
VocDituig, hysterical, 913, 017. 

Wartenberg's tign, 44. 

Wassonnami reoclion, 386, 380, 393, 
398. 401, 406. 400. 419. 424. 

Water retention sod epilepsy, 854. 
Weber's syndrome. 10. 

— teat. 175. 

Weichbrodt'a reaction, 123. 

Weil's disease, meningitis in, 12], 347. 
WeiturLa's polio-eiiceplialilis, 74. 
Wliooping-coiigli, nerxKU comphea' 
tiona of. 381. 

Wilson's dii>eaas^S23. 

\MtzeUucLt, 2*5. 

Won)-blmdnesB, 07, 251. 

Word deafness, 07, 251, 

— , eongcnito), 100. 

Wrisl'dmp, 7*8. 

XanilirocbroDua, »u Ccrebro«spma) 

fluid. 

2Canii>onistosis, 830. 

X.rays, ere lUdiogmphy, 
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